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PREFACE

Engineering-Science (ES) has entered into an agreement with the

U.S. Air Force to perform a Phase II, Stage 2 IRP Investigation at

MacDill Air Force Base and Avon Park Air Force Range near Tampa,

Florida. This investigation was initiated in June 1986 under Agreement

F33615-84-D-4403, Delivery Order 0014. The overall objectives of this

effort were to define the magnitude, extent, direction, and rate of

movement of identified contaminants and to determine the need for

remedial actions based on an assessment of risks to human health and the

environment.

This investigation waE performed by Engineering-Science personnel

from the Atlanta, Georgia office. Mark A. Guthrie, P.E., served as

Project Manager and Walker J. Duncan, P.G., served as Project Leader and

Hydrogeologist. Ernest J. Schroeder, P.E., and Robert S. McLeod, P.E.,

were Technical Reviewers for the project. Craig L. Sprinkle served as

Geochemist and A. Scott Yankey was the Project Geologist and Field Team

Leader.

Engineering-Science wishes to acknowledge Diversified Drilling,

Inc. of Tampa, Florida, as the drilling and well installation

subcontractor. Heidt and Associates of Tampa, Florida, provided

surveying services and Savannah Laboratories and Environmental Services,

Inc. of Savannah, Georgia and Tallahassee, Florida provided analytical

services. Michael Newberry, Captain USAF, and Jeff Mason, 2d LT., USAF,

from the MacDill AFB Bioenvironmental Engineering Office, provided

support at the base level.

This work was accomplished between July 1986 and January 1988. 1

1st Lieutenant Dale J. Dietzel, Technical Services Division, USAF

Occupational and Environmental Health Laboratory (USAFOEHL) was the

Technical Monitor.
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EXECUTIVE SUMMARY

INTRODUCTION AND PURPOSE

The Department of Defense (DOD) has developed a program to identify

and evaluate sites where contamination may be present on DOD property

because of past spills or hazardous waste disposal practices, to control

the migration of hazardous contaminants, and to control hazards to

health, welfare or the environment that may result from contamination at

these sites. This program is called the Installation Restoration

Program (IRP). The IRP has four phases:

o Phase I - Installation Assessment/Records Search

o Phase II - Confirmation/Quantification,

o Phase III- Technology Base Development, and

o Phase IV - Remedial Actions.

Engineering-Science, Inc. (ES) was retained by the United States Air

Force (USAF) to conduct the Phase II, Stage 2 IRP investigation at

MacDill Air Force Base near Tampa, Florida and the Avon Park Air Force

Range, under Contract F33615-84-D-4403, Delivery Order 0014.

The overall objectives of the Phase II effort are to define the

magnitude, extent, and direction and rate of movement of identified

contaminants, and to determine the need for remedial actions based on an

assessment of risks to human health and the environment. To meet these

objectives, a series of staged field investigations may be required.

Specific objectives of the Stage 2 investigation at MacDill AFB were:

o to determine the presence or absence of contamination at the

past spill and waste-disposal sites identified,

o to determine the magnitude and extent of contamination and,

where possible, the potential for migration of contalniadnts in,

the various environmental media,

---



o to identify potential environmental consequences and health

risks of known contaminants, based on State or Federal

standards and guidelines, and

o to identify any specific requirements for additional monitoring

to confirm the magnitude, extent, micyration, or identity of

contaminants present.

BACKGROUND INFORMATION

MacDill Air Force Base is located in west-central Florida near the

city of Tampa (Figure 1). The base occupies approximately 5,600 acres

of land at the southern tip of the Interbay Penisula. It is bordered by

Tampa Bay to the west, Hillsborough Bay to the east, and the city of

Tampa to the north.

Avon Park Air Force Range (AFR) is located approximately 65 miles

east of Tampa in Polk and Highland Counties, Florida. The range is

located on approximately 106,000 acres of land, of which 103,500 are

unimproved land.

The host unit at MacDill AFS is the 56th Tactical Fighter Wing,

which is also responsible for maintaining the Avon Park AFR. This unit

is part of the Tactical Air Command and its primary mission is to train

pilots in the F-16 Fighting Falcon. The Avon Park AFR is used for

training crews in bombing, strafing, and electronic warfare activities.

An auxiliary airfield is also maintained at Avon Park (AFR).

IDENTIFICATION OF SITES FOR INVESTIGATION

MacDill AFB and the Avon Park AFR were previously investigated

under the IRP Phase I (CH2M HILL, 1981) and Phase II, Stage 1 (WAP,

1984) studies. Site A, Former Fuel Storage Area Adjacent to AGE, was

investigated under a IRP Phase IV-A Study (Kirkner, 1986). Based on the

results of these studies and Air Force reviews, nine sites at MacDill

AFB and three sites at Avon Park AFR were recommended for study under

the Phase II, Stage 2 investigation. Table 1 summarizes the past

histories and previous investigations for these twelve sites. The nine

sites at MacDill AFB are shown on Figure 2 and the three sites at Avon

Park AFR are shown on Figure 3.
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ENVIRONMENTAL SETTING

MacDill AFB is located at the southern tip of the Interbay

Peninsula in Hillsborough County, Florida. This area has a humid,

subtropical climate that is characterized by long, hot summers and

short, mild winters. The climate is moderated by the Gulf of Mexico

which is responsible for mild winter temperatures and high relative

humidities. The rainy season at MacDill AFB occurs from May through

September and the dry season occurs during fall and winter. Annual

rainfall averages approximately 44 inches with the lowest rainfall in

April and highest rainfall in August. Heavy thunderstorms are common

during summer months, accounting for high rainfall averages during the

summer season. Average annual evapotranspiration is approximately 39

inches and average annual lake evaporation is approximately 51 inches

(Fernald and Patton, 1984).

MacDill AFB is located within the Gulf Coastal Lowlands of the Gulf

Coastal Plain Province which is characterized by flat topography with

numerous wetlands. The base is also characterized by flat topography,

with elevations of 15 feet msl or less. Much of the base is below 5

feet msl and is covered by mangrove swamp.

Surface water hydrology on MacDill AFB is characterized by low,

flat areas with low runoff rates and standing water areas (wetlands).

Drainage canals, storm drains, and tidal creeks drain the base into

Tampa Bay and Hillsborough Bay. Surface water runoff from precipitation

is controlled by a stormwater canal system which carries water to tidal

creeks or directly to Tampa Bay or Hillsborough Bay. Tidal streams and

mangrove swamps cover a large portion of the south base area. Broad

Creek and Coon Hammock Creek are the two main outlets in the mr3n-rcve

area.

Central Florida and MacDill AFB lie within the Atlantic Coastal

Plain Geologic Province. The Coastal Plain is characterized by thick

unconsolidated to consolidated sediments forming a wedge that thins

inland and generally overlies crystalline bedrock. In Central Florida,

the Coastal Plain sediments found at the surface are Miocene or younger

rocks and consist of clastic sediments and some sandy limestones and

dolomites. The surficial deposits at MacDill AFB consist of thin layers

of fine, quartzitic sands and clay which overlie the Tampa Limestone.
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The Tampa Limestone has an irregular surface of solution cavities and

voids and is the upper-most unit of the Floridan Aquifer System in this

area.

The regional hydrogeology of the west-central Florida area is

characterized as a multilayered aquifer system which includes a

surficial aquifer and the confined Floridan Aquifer. Groundwater at

MacDill AFB occurs in the shallow, surficial aquifer under unconfined

conditions. The surficial aquifer at MacDill AFB consists of fine to

very fine sands and clayey sands which are from five to twenty feet

thick. The water table in these materials is shallow, often as high as

three feet below ground surface. The Upper Floridan Aquifer underlies

the surficial aquifer at MacDill AFB. The surficial aquifer and the

Floridan Aquifer may be hydraulically connected in some areas beneath

MacDill AFB.

The surficial aquifer is not used for water supplies on Maccill

AFB, and no wells drawing water from the surficial aquifer exist on the

base. The Floridan Aquifer, although not used for water supplies at

MacDill AFB, is a major source of water in west-central Florida and the

Tampa area. Large well-fields exist north of Tampa which supply water

to municipalities and industries. Water supply for MacDill AFB is

provided from the Hillsborough River by the city of Tampa, Florida.

The Avon Park Air Force Range is located in central Florida in Polk

and Highlands Counties approximately 65 miles east of Tampa. The local

climate at Avon Park AFR is very similar to that described for MacDill

AFB. Average annual precipitation is approximately 48 inches and

average annual evapotranspiration is approximately 40 inches per year.

Rainfall can be intense during the summer thunderstorm season, resulting

in heavy runoff to surface water drainage features on the base.

The major surface water features at Avon Park AFR are Lake

Arbuckle, Arbuckle Creek, and the surrounding wetlands. Lake Arbuckle

is a sinkhole lake formed by subsidence of carbonite formations and may

be hydraulically connected to the Floridan Aquifer System. Arbuckle

Creek is the main drainage feature at the Auxiliary Airfield. It flows

south to Lake Istokpoga through wetland areas which border the airfield

on the west.
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The local geology at Avon Park AFR consists of post-Miocene aged

sands and clays which directly overlie the Miocene-aged Hawthorn

Formation. Below the surface sand, which is approximately 20 feet

thick, the Hawthorn Formation extends as a 300 foot thick sequence of

clay, sand, and limestone which serves as a confining layer above the

iloridan Aquifer.

Groundwater at Avon Park AeR occurs in the surficial aquifer under

water-table conditions. The shallow aquifer is directly connected to

the surface water drainage on the base. The water-table aquifer is

recharged by infiltration of precipitation, and movement within this

zone is very slow due to low hydraulic gradients. Discharge of

groundwater from this zone may occur by evapotranspiration or lateral

seepage into a stream, lake, or drainage ditch.

The Floridan Aquifer occurs under confined conditions beneath Avon

Park AFR. The clay beds of the Hawthorn Formation form a 300 foot thick

confining layer that limits vertical downward movement of water from the

surficial aquifer and the vertical upward movement of water from the

Floridan Aquifer. Interconnection between the two aquifers may occur

where sinkholes have breached the Hawthorn Formation. The Floridan

Aquifer, specifically the lower portion of the Avon Park Formation,

previously called the Lake City Limestone, provides nearly all the

municipal and irrigation water supplies in the area. Avon Park AFR

receives its water supply from two wells located near Lake Arbuckle and

two wells located near the airfield.

FIELD INVESTIGATION PROGRAM

The field program at MacDill AFB and Avon Park AFR involved work at

t-ve sites as summarized in Table 2. This work involved geophysical

surveys (electrical resistivity, magnetic, and electromagnetic),

drilling and installation of 27 shallow moniLoring wells and 3 deeper

monitoring wells, an aquifer pumping test in the surficial aquifer, and

collection and analysis of groundwater, surface water, sediment, and

soil samples. Field work began in July 1986 and laboratory analyses

were completed in December 1986. A second round of groundwater and

surface water samples were collected from selected sites in August 1987.
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RESULTS AND SIGNIFICANCE OF FINDINGS

Contaminants were found at levels of concern at four sites on

MacDill AFB (Sites 5-8, 9, 17, and 23). No significant contaminants

were found at two sites on MacDill AFB (Sites 3 and 13) or at the three

sites at Avon Park AFR. However, additional data are required to pro-

perly evaluate the three other sites at MacDill AFB (Sites B, 11, 16)

before they can be dropped from further consideration. The findings at

the twelve sites are summarized in Table 3. The significance of these

findings was determined from consideration of the amount and extent of

contaminants present, their potential for migration, and the potential

threat posed to human health and the environment.

RECOMMENDATIONS

Based on the results obtained, each of the 12 IRP sites was

classified in one of three categories of recommendations. Category I

sites are those for which no further action is required. Data for these

sites are considered sufficient to conclude that no significant threat

to human health or the environment exists. Category II sites are those

which require additional monitoring or investigation (Phase II, Stage 3)

to assess the extent and potential for migration of the contaminants

detected. Category III sites are those which require remedial actions

(Phase IV), including long-term monitoring. Data for these sites are

considered sufficient to characterize the extent of contamination or

they indicate that an immediate threat to human health or the

environment exists.

Recommendations for the 12 individual sites are summarized in Table

4. Six sites were recommended for further investigation (Phase II,

Stage 3):

o Former Fuel Storage Area No. 2 (Site B)

o Past Landfills (Site No. 5-8)

o Recent Landfill (Site No. 9)

o Chemical Munitions Burial Area (Site No. 11)

o Fuel Tank Farm (Site No. 16)

o Drum Storage Area (Site No. 17)
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TABLE 3
SUMMARY OF FINDINGS BY SITES

Site Significant Results
Number Site Name and Major Conclusions

Site B Former Fuel Storage Fuel related contaminants
Area No. 2 were found at trace concen-

trations in the upgradient
monitoring well. The aban-
doned tanks at this site need
to be addressed (removal or
continued monitoring).

Site No. 3 Landfill at Dog No significant contamination
Kennel (DK) found at this site.

Site No. 5-8 Past Landfills (PL) Purgeable halocarbons and
purgeable aromatics detected
in two groundwater samples

from the same well and one

surface water sample.

Site No. 9 Recent Landfill (RL) Benzene detected and

confirmed in one well and
chromium detected in another
well at the site.

Site No. 11 Chemical Munitions No significant contamination
Burial Area (CM) found at this site. The

reported burial areas have
not been located or inves-
tigated.

Site No. 13 Old Creosote Pit (CP) No contamination found at

this site.

Site No. 16 Fuel Tank Farm (FT) No significant contamination

, was fourd at this site.
Groundwater has not been

investigated.

Site No. 17 Drum Storage Area (DS) Purgeable halocarbons and

purgeable aromatics were
confirmed in one downgradient

well.

I

I
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TABLE 3
SUMMARY OF FINDINGS BY SITES

(Continued)

Site Significant Results
Number Site Name and Major Conclusions

Site No. 23 Fire Training Area (FA) Purgeable aromatics (fuel
related compounds) were
detected in wells near the
active and inactive burn
pits. Petroleum hydrocarbons
were detected in the

surficial aquifer and in the
Floridan Aquifer.

A possible continuing source

of contamination was
identified.

Site No. AP6 Old Landfill, No significant contamination
Avon Park AFR was found at this site.

Site No. AP7 Recent Landfill, No significant contamination
Avon Park AFR was found at this site.

Site No. AP9 Army Test Area, No contamination was found at

Avon Park AFR this site.
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The recommended Phase II, Stage 3 field investigation program for these

sites are summarized in Table 5. One site was recommended for remedial

action (Phase IV):

o Fire Training Area (Site No. 23)

No further action was recommended for the remaining 5 IRP sites:

o Landfill at Dog Kennel (Site No. 3)

o Old Creosote Pit (Site No. 13)

o Old Landfill, Avon Park AFR (Site No. AP6)

o Recent Landfill, Avon Park AFR (Site No. AP7)

o Army Test Area, Avon Park AFR (Site No. AP9)
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SECTION 1

INTRODUCTION

r 1.1 BACKGROUND AND AUTHORITY

The United States Air Force, due to its primary mission of defense

of the United States, has long been engaged in a wide variety of opera-

tions involving toxic and hazardous materials. Federal, State and local

governments have developed strict regulations that r3quire disposers to

identify the locations and contents of past disposal sites and to take

action to eliminate the hazards in an environmentally responsible man-

ner. The primary Federal legislation governing disposal of hazardous

waste is the Resource Conservation and Recovery Act (RCRA) of 1976, as

amended. Under Section 6003 of the Act, Federal agencies are directed

to assist the Environmental Protection Agency (EPA). Under Section

3012, State agencies are required to inventory past disposal sites, and

EPA is required to provide information concerning such sites (including

information obtained from other Federal agencies) at the request of the

State agencies.

To assure compliance with hazardous waste regulations, the

Department of Defense (DOD) developed the Installation Restoration

Program (IRP). The current DOD IRP rnlicy is contained in Defense

Environmental Quality Program Policy Memorandum (DEQPPM) 8'-5, dated 11

December 1981 and implemented by Air Force message dated 21 January

1982. DEQPPM 81-5 reissued and amplified all previous directives and

memoranda on the Installation Restoration Program. DOD policy is to

identify and fully evaluate suspected problems associated with past

waste disposal practices (including spills), and to control hazards to

health and welfare that resulted from these operations. The IRP is the

basis for remedial actions on Air Force installations under the provi-

sions of the Conreicnsive Environmental Response, Compensation, and

Liability Act tCERCLA) of 1980, and clarified by Executive Order 12316.

CERCLA is the primary legislation governing remedial action at past

hazardous-waste disposal sites.
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1.2 PURPOSE AND SCOPE

IRP activities are divided into four phases designed to provide

timely and cost-effective identification, confirmation/quantification,

and remedial action at past waste-disposal and spill sites (Figure 1.1).

Each phase is briefly described below:

o Phase I - Installation Assessment/Records Search - The purpose

of Phase I is to identify past disposal sites that may pose a

hazard to public health or the environment as a result of con-

taminant migration to surface or ground waters, or that may

have an adverse effect by the persistence of contaminants in

the environment. The need for further action to confirm an

environmental hazard at a site is also determined in this

phase, and the Phase I report is the principal background

document for the Phase II study. If a site requires immediate

remedial action, such as removal of abandoned drums, the

recommended site activity may be to proceed directly to Phase

IV.

o Phase II - Confirmation/Quantification - The objectives of

Phase II are to define and quantify, through preliminary and

comprehensive environmental and/or ecological surveys, the

presence or absence of contamination, the extent of contamina-

tion (including rate and direction of contaminant migration,

when possible), and waste characteristics (when required by

regulatory agencies). An additional objective is to identify

sites or locations where remedial action is required in Phase

IV. Research requirements identified during Phase II are

addressed by Phase III efforts under the IRP.

o Phase III - Technology Base Development - The purpose of Phase

III is to develop a sound technological data base for use in

preparing a comprehensive remedial action plan, including the

development of new technology for waste treatment and site

remediation. This phase can also include implementation of

research requirements and technology for objective assessment

1-2
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of adverse effects. A Phase III requirement can be identified

at any time during the program.

o Phase IV - Remedial Action - The primary purpose of Phase IV is

to prepare and implement remedial action plans for contaminated

sites identified in Phases I and II.

This report presents the results of the Phase II, Stage 2 (Confir-

mation/Quantification) investigation at MacDill Air Force Base near

Tampa, Florida. The overall objectives of the Phase II effort are to

define the magnitude, extent, direction and rate of movement of

identified contaminants and to determine the need for remedial actions

based on an assessment of risks to human health and the environment.

Specific objectives of the Stage 2 investigation were to:

o confirm the presence or absence of contamination at the

identified past spill and waste-disposal sites,

o determine the magnitude and extent of contamination and, where

possible, the potential for migration of contaminants in the

various environmental media,

o identify potential environmental consequences and health risks

of known contaminants, based on State or Federal standards and

guidelines, and

o identify any specific requirements for additional monitoring to

confirm the magnitude, extent, migration, or identity of conta-

minants present.

1.3 PROGRAM SCHEDULE AND DURATION

The Phase I (Installation Assessment/Records Search) investigation

of MacDill AFB was conducted by CH2M HILL, Inc. and was completed in

November 1981 with submittal of the Final Report (CH2M HILL, 1981). The

Phase II, Stage 1 Investigation was conducted by Water and Air Research,

Inc. and was completed in September, 1984 (WAR, 1984). The Phase II,

Stage 2 (Confirmation/Quantification) investigation was initiated in

June 1986 by Engineering-Science, under Agreement F33615-84-D-4403,

Delivery Order 0014. The Phase IV-A Investigation of Site A was

conducted by R. A. Kirkner and Associates, Inc. and was completed in

July, 1986 (Kirkner, 1986).
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1.4 BACKGROUND INFORMATION

MacDill AFB is located on approximately 5,600 acres of land at the

southern tip of the Interbay Peninsula, about eight miles from downtown

Tampa, in Hillsborough County, Florida. The Interbay Peninsula lies

between Hillsborough Bay on the east and Tampa Bay on the west. The

location of MacDill AFB is shown on Figures 1.2 and 1.3.

Construction began in December 1939 for the Army Air Corps Base

which later became MacDill AFB. The base was officially activated in

April 1941. MacDill AFB served as a training base for bomber aircraft

crews until after World War II, when the base became an operational base

for the Strategic Air Command (SAC). In 1962 the base was transferred

from SAC to the Tactical Air Command (TAC) where it has remained.

MacDill AFB's primary mission today is a training base for fighter

squadrons. The host unit at MacDill AFB is the 56th Tactical Fighter

Wing which is responsible for its overall operation and maintenance.

The Wing's primary mission is to train pilots in the F-16 Fighting

Falcon. Also located at MacDill AFB are several tenant units including:

the U.S. Readiness Command; U.S. Central Command; 71st Tactical Control

Flight; 1928 Communications Group; and the 56 TTW Hospital.

The 56th Tactical Fighter Wing is also responsible for maintaining

facilities at the Fort Lonesome Radar Site and the Avon Park Air Force

Range (AFR) shown in Figure 1.2. The Fort Lonesome Radar Site is

supported jointly by MacDill AFB and the Federal Aviation

Administration. The Avon Park AFR is located in Polk and Highland

Counties and is operated by the 56th Combat Support Squadron which

maintains facilities for bombing, strafing, and electronic warfare

exercises for aircrew training. The Avon Park AFR was constructed in

1942 by the Army Air Corps to train air crews for service in World War

II. The Florida Avon Park Correctional Institution was opened at the

AFR in 1951 as a minimum security prison, In 1956 Avon Park AFR was

assigned to SAC at MacDill AFB and was reassigned to the Tactical Air

Command along with MacDill AFB in 1962. The Avon Park AFR is used as a

bombing range by Air Force units throughout the southeast and for "live

firing" exercises. An auxiliary airfield is also maintained at Avon

Park AFR.
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I .5 POTENTIALLY CONTAMINATED AREAS

The Phase I Records cearch identified 23 sites of potential

environmental concern at MacDill AFB and 11 sites at Avon Park AFR.

Based on results of the Phase I survey (CH2M HILL, 1981), seven sites at

MacDill AFB and three sites at Avon Park AFR were investigated under

Phase II, Stage 1.

After the Phase II, Stage I study (WAR, 1984) one site at MacDill

AFB (Site A, former fuel storage facility) was identified for remedial
action under Phase IV. Six other sites at MacDill AFB were recommended

for further investigation under Phase II, Stage 2. Of the three sites

at Avon Park AFR, one was dropped from further consideration and two

were recommended for investigation under Phase II, Stage 2. Two

additional sites at MacDill AFB and one additional site at Avon Park AFR

that were previously investigated under Phase I were added to the list

of sites to be investigated under Phase II, Stage 2. One new site at
MacDill AFB that was first identified in the Phase II, Stage 1

investigation was also added.

The total number of sites investigated in this Phase II, Stage 2

was twelve: nine sites at MacDill AFB and three sites at Avon Park AFR.

The locations of these sites are show in Figures 1.4 and 1.5, and the

site histories are summarized in Table 1.1. A historical and physical

description of each site investigated is presented below.

1.5.1 MacDill AFB

1.5.1.1 Site B - Former Fuel Storage Area No. 2

Site B is located on the southeastern limb of the flightline area

(see Figure 1.4). The site, shown in detail in Figure 1.6, was formerly

an underground fuel storage area. Twelve 25,000 gallon and one 12,000

gallon underground tanks were reportedly located at the site as part of

an "Aqua System" which used water to displace fuel from underground

storage tanks, forcing it into the distribution piping system (WAR,

1984). This system was put in use in the early 1950's and abandoned in

1972. Since then, at least one of the underground tanks was used to

store waste solvents and contaminated fuels. This practice was

discontinued in 1986. Site B was not previously investigated under

either Phase I or Phase II IRP efforts.

1
1-8 I
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1.5.1.2 Site No. 3 - Landfill at Dog Kennel

Site No. 3 was a general refuse landfill that is located east of

the munitions storage area and dog kennel, between Rattlesnake and

Southshore Roads (Figure 1.7). The landfill was in operation from about

1950 to 1959 and was used for the disposal of general refuse, reportedly

including paint cans, solvents and PCB-containing capacitors (CH2M HILL,

1981). Since closure, the site has been used as a spray irrigation field

for effluent from the base sewage treatment plant.

Five shallow monitoring wells were installed and sampled during the

Phase II, Stage I investigation (Figure 1.7). The analytical results

from that investigation indicated possible organic contamination of the

surficial aquifer. Analyses revealed levels of dissolved organic carbon

(DOC) ranging from 16 to 80 mg/L and total organic halides (TOX) levels

ranging from 110 to 260 ug/L as Cl. Conductivity values ranged from 280

to 3,660 umhos/cm, which may be a result of the spray irrigation or

tidal influences. Wells MD3-2 and MD3-4 also showed small quantities of

halogenated ethanes and toluene (2 to 11 ug/L) and traces of benzene

(WAR, 1984). No PCB's were detected in samples from Site No. 3.

1.5.1.3 Site Nos. 5, 6, 7, 8 (No. 5-8) - Past Landfills

Site No. 5-8 consists of four landfills located south of Southshore

Road in the southwestern portion of MacDill AFB (Figure 1.8). These

landfills were used as general refuse landfills from about 1959 to 1973.

It was reported (CH2M HILL, 1981) that some hazardous materials may have

been disposed of in these landfills, including waste oil, solvents,

paints, thinners, battery casings, pesticides, herbicides, adhesives,

and PCB-containing capacitors, along with tires, construction rubble,

and other refuse.

Four shallow monitoring wells were installed and sampled under

Phase II, Stage I (Figure 1.8). The results ,of that investigation

indicated possible organic contamination of the surficial aquifer, based

on levels of DOC, Tox, and phenolics detected in groundwater samples.

Analyses revealed levels of DOC ranging from 30 to 62 ag/L, TOX ranging

from 100 to 240 ug/L as Cl, and phenolics ranging from 6 to 12 ug/L

(WAR, 1984).
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1.5.1.4 Site No. 9 - Recent Landfill

Site No. 9 was the most recent landfill used at MacDill APB (Figure

1.9). It is located south-southwest of the munitions storage area and

is bounded by Broad Creek on the east, west, and south. The landfill

was used from about 1973 to early 1986, when it was closed, for the

disposal of general refuse which may have included small quantities of

waste oil, solvents, paints, thinners, battery casings, pesticides,

herbicides, PCB-containing capacitors, and adhesives (CH2M HILL, 1981).

Three shallow monitoring wells were installed west and south of

Site No. 9 (Figure 1.9) and sampled under Phase II, Stage 1. Results of

the chemical analyses revealed possible organic contamination of the

surficial aquifer, based upon the detected levels of DOC (34 to 141

mg/L), TOx (130-140 ug/L as Cl) and phenolics (1-8 ug/L) (WAR, 1984).

1.5.1.5 Site No. 11 - Chemical Munitions Burial Area

The Chemical Munitions Burial Area was reportedly located south of

Southshore Road, adjacent to the drainage canal near the old SAC Alert

Facility (Figure 1.10). This site may have been used for the disposal

of unknown quantities and types of chemicals and chemical munitions

during the period from about 1950 to 1955. The Phase I investigation

reported that canisters of unidentified gases and deposits of white

phosphorous were uncovered in this area and reburied (CH2M HILL, 1981).

This site was not investigated under previous Phase II efforts.

1.5.1.6 Site No. 13 - Creosote Pit

Site No. 13 is located west of the current Commissary Area near the

stormwater retention pond, south of the North Boundary Road in the

former CE storage yard (Figure 1.11). The site was reportedly used

prior to 1945 for the creosote treatment of wood. No surface evidence

of the pit remains, and no documentation of quantitites of creosote used

or lost is available. This site was identified during Phase I, but was

not investigated under previous Phase II efforts.

1.5.1.7 Site No. 16 - Fuel Tank Farm

Site No. 16 is the bulk fuels storage area which consists of seven

above-ground storage tanks (Figure 1.12). This tank farm has been in

use since 1952 for storing AVGAS, diesel, JP-4, and JP-5 fuels. The

tanks are surrounded by an earthen dike system for spill containment.

The area outside the dike is drained to Tampa Bay by tidally influenced
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ditches. AVGAS sludge was reportedly buried within the diked area.

Phase II, Stage 1 work at Site No. 16 included installing, sampling,

and backfilling seven shallow, temporary wells (Figure 1.12). The

results of this work indicated possible organic contamination in the

surficial aquifer based upon the results of chemical analyses. Samples

collected at Site No. 16 showed levels of oil and grease ranging from

<0.1 to 39 mg/L. Lead was found in well MD16-1 at 40 ug/L.

1.5.1.8 Site No. 17 - Drum Storage Area

Site No. 17, located near the intersection of the North Boundary

Road and West Boundary Road (Figure 1.13), was a storage area for drums

containing waste oils, solvents, and paints, and for out-of-service

electrical transformers containing PCBs. The drums were stored on an

open concrete pad and the transformers were stored in a protected

building. From 1965 to 1973, AVGAS sludge was spread on this pad for

weathering prior to disposal.

Phase II, Stage 1 work at Site No. 17 included installation and

sampling of tw shall,-r- groundwater monitoring wells located along the

West Boundary Road (Figure 1.13). This work indicated possible organic

contamination in the surficial aquifer, based on the chemical analyses

results. Well MD17-1 showed DOC at 21 mg/L, TOX at 110 jjg/L as Cl, and

phenolics at 10 ug/L. Well MD17-2 showed DOC at 26 mg/L, TOX at 120

ug/L as Cl, and phenolics at 8 ug/L. No PCB's were detected in any

groundwater samples at Site No. 17.

1.5.1.9 Site No. 23 - Fire Training Area

The Fire Training Area consists of two fire pits located in the
middle portion of the base, along the western end of the old aircraft

dispersal area (Figure 1.14). The two pits have been in existence since

1955, and training exercises have alternated between the two pits. The

western pit, located near the small fire tower and Taxiway G, is

currently being used for training exercises. The eastern pit is not

currently in use.

Originally, fire training exercises included the burning of waste

oils, fuels, and solvents that were stored at the sites in drums. These

materials were dumped into pits and ignited, and the fires were extin-

guished using water and protein foams. Since 1974, only fuel with less

than 10 percent contaminants has been used in fire training exercises.
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Fuel was transferred to the sites, ignited, and the fires extinguished

with water and Aqueous Film Forming Foam (AFFF).

This area was investigated under Phase II, Stage 1 through the

installation and sampling of six shallow monitoring wells, three located

at each burn pit. The analytical results indicate the presence of lead,

volatile organics, fuels, and oil in the surficial aquifer (WAR, 1984).

Lead was found in samples from well MD23-3 at 35 ug/L and in well MD23-6

at 38 ug/L. DOC levels were found at levels ranging from 13 to 328

mg/L. TOX levels were found at levels ranging from 810 to 5,900 ug/L as

Cl. Samples from well MD23-3 showed benzene, trans-1,2- dichloroethene,

1,1,1-trichloroethane, trichloroethene, ethylbenzene, toluene, and

xylenes at levels above detection limits. Samples from well MD23-6

showed bromoform, 1,1-dichloroethene, 1,1,1-trichloroethane, vinyl

chloride, and ethylbenzene above detection limits.

1.5.2 Avon Park AFR

1.5.2.1 Site No. AP6 - Old Landfill

Site No. AP6 is an old sanitary landfill at the Avon Park AFR,

located near the southwest end of the airfield (Figure 1.15). This

landfill was used from about 1950 to 1978 for the disposal of general

refuse, possibly including small quantities of hazardous materials.

Phase II, Stage 1 work at this site included the installation and sam-

pling of three shallow groundwater monitoring wells (Figure 1.15).

Sampling indicated possible organic contamination of the surficial

aquifer, based upon chemical analyses results (WAR, 1984). DOC levels

ranged from 8 to 14 mg/L and TOX levels ranged from 110 to 120 ug/L as

Cl. Lead was not found in any of the samples.

1.5.2.2 Site No. AP7 - Recent Landfill

Site No. AP7, referred to as the Current Landfill in the Phase II

Stage 1 Report, was closed in 1985, just prior to the Phase II, Stage 2

study. For this report the site will be referred to as the "Recent

Landfill, Site No. AP-7." The site is located in the northern portion

of the auxiliary airfield near the closed runway and taxiways (Figure

1.16). This landfill was operated from 1978 to 1985 as a general refuse

landfill, although small quantities of hazardous materials may also have

been disposed of at this site.

Phase II, Stage I work at Site AP7 included the installation and

sampling of three shallow monitoring wells (Figure 1.16). Analytical
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results revealed possible organic contamination in the surficial aquifer

(WAR, 1984). DOC was found at 17 mg/L and TOX was found at levels

ranging from 40 to 100 ug/L as Cl.

1.5.2.3 Site No. AP9 - Army Test Site

Site No. AP9 was an area used for aerial dispersion testing using

chemical and biological anticrop agents between 1951 and 1965. This

site consists of the grassy areas between the runways and taxiways, and

the area immediately east of the runways and taxiways at the auxiliary

airfield (Figure 1.17). Residual levels of dioxin and herbicides are

possible contaminants at this site, which was not previously

investigated under either the Phase I or Phase II IRP efforts.

1.6 CONTAMINATION PROFILE

The field program, described in Section 3.0 of this report,

involved the sampling of groundwater, surface water, sediments, and

soils from nine sites at MacDill AFB and three sites at Avon Park AFR.

These samples were analyzed for various contaminants suspected to be

present at those sites because of past waste disposal practices or

spills. These suspected contaminants were:

Suspected Contaminants at MacDill AFB

o Volatile Halogenated Organics, including 1,2-Dibromoethane

o Volatile Aromatic Organics

o Base/Neutral and Acid Extractable Organics

0 Petroleum Hydrocarbons

o Heavy Metals

Suspected Contaminants at Avon Park Ar

o Volatile Halogenated Organics

o Volatile Aromatic Organics

o Base/Neutral and Acid Extractable Organics

o Petroleum Hydrocarbons

o Heavy Metals

o Chlorinated Herbicides

o 2,3,7,8-TCDD (Dioxin)
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1.7 PROJECT TEAM

The Phase II, Stage 2 invesigation at MacDill AFB and the Avon Park

AFR was conducted by Engineering-Science (ES). The ES project team

consisted of the following professionals:

Ernest J. Schroeder - B.S. in Civil Engineering, M.S. in Sanitary

Engineering, with 20 years experience, served as Technical Director.

Mark A. Guthrie - B.S.E. in Civil Engineering, M.S.C.E. in

Environmental Engineering, with 8 years experience, served as Project

Manager.

Walker J. Duncan - B.S. in Geology, with 10 years experience, was

the Project Leader.

Robert S. Mcleod - B.S., M.S. in Civil Engineering with 24 years

experience, served as Technical Reviewer.

Duane R. Boline - B.S.E. in Physical Science, M.S. in Chemistry,

Ph.D. in Analytical Chemistry, with 18 years experience, served as

Quality Assurance Officer.

Craig L. Sprinkle - B.S. in Civil Engineering, B.A. in Geology,

M.S. in Geochemistry with 13 years experience served as Geochemist and

Hydrogeologist.

A. Scott Yankey - B.S., M.S. in Geology with 2 years experience,

was the Project Geologist and Field Team Leader.

Edward L. Grunwald - B.S. in Bacteriology, M.S. in Public Health

(Toxicology Specialization), with 8 years experience, was the project

Health and Safety Officer.

Sharon A. Schultz - A.S. in Environmental Technology, with 7 years

experience, was the Field Technician.

Resumes for these professionals are provided in Appendix C.

Diversified Drilling, Inc. of Tampa, Florida provided drilling and

well construction subcontract services. Heidt and Associates, Inc. of

Tampa, Florida provided surveying services. Laboratory analytical

support was provided by Savannah Laboratories and Environmental

Services, Inc. of Savannah, Georgia and Tallahassee, Florida.

1.8 FACTORS OF CONCERN

The major environmental and public health concerns at both MacDill

AFB and Avon Park AFR are that spills or past waste disposal practices
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may result in the contamination of ground and surface waters, and that

migration of contamination off Air Force property could result in a

potential threat to human health or the environment.

At MacDill AFB, the surficial aquifer is directly connected to

surface water and may be connected to the deeper Floridan Aquifer, which

is a major source of drinking water in the Tampa area and west-central

Florida. Although the surficial aquifer is not used as a source of

water supplies at MacDill AFB, and no water supply wells in either the

surficial aquifer or Floridan Aquifer are known to exist on or near

MacDill AFB, potential contamination of the groundwater system is a

primary health concern. The surficial aquifer is directly connected to

the surface water system including drainage ditches, canals, and swampy

areas. These surface waters are tidally influenced and drain through

creeks and mangrove swamps into Tampa Bay and Hillsborough Bay. Of

primary concern is whether contaminants may migrate into the surface

waters and bays with adverse environmental effects.

At Avon Park AFR, the shallow groundwater is directly connected to

surface waters and may also be connected to the deeper Floridan Aquifer

System. The concerns at Avon Park AFR are essentially the same as at

MacDill AFB. The Floridan Aquifer is the major source of drinking water

supplies at Avon Park AFR and the surrounding area. Contaminants

entering this system are a potential threat to human health.

Contaminants entering the surface water system may migrate off base

property and could also have adverse environmental effects.

Conversations with personnel at USEPA and the Hillsborough County

Health Department during December 1987 indicate that wells in the

surficial or Floridan aquifers may exist and may still be used in
the Port Tampa Area, north and west of MacDill AFB. These wells

are probably not used for drinking water supplies but may be used
for irrigation or other uses. The water-is generally of poor
quality with high iron and chloride content. City water services

these areas but it is not certain whether any residences or
businesses are still utilizing existing wells for any water uses.
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SECTION 2

ENVIRONMENTAL SETTING

The environmental settings of MacDill AFB and Avon Park APR are

described in this section with the primary emphasis on features that may

affect the movement of contaminants off Air Force property. A summary

of the environmental setting is presented at the end of this section.

2.1 MACDILL AFB

2.1.1 Location

MacDill AFB is located at the southern tip of the Interbay

Peninsula in Hillsborough County, Florida. The base is bordered by the

City of Tampa on the north, Hillsborough Bay on the east, and Tampa Bay

on the west (Figure 2.1). MacDill AFB covers approximately 5,600 acres

of land.

2.1.2 Climate

MacDill AFB and the surrounding vicinity has a humid, subtropical

climate that is characterized by long, hot summers and short, mild win-

ters. The annual average temperature at the base is 73*F with monthly

averages ranging from a high of 83 0 F in August to a low of 61 0 F in

January. Frost and freezing temperatures can be expected to occur at

least once each year. The climate is moderated by the Gulf of Mexico

which is responsible for mild winter temperatures and high relative

humidities.

The rainy season at MacDill AFB occurs from May through September

and the dry season occurs during fall and winter. Annual rainfall

averages approximately 44 inches with the lowest rainfall in April and

highest rainfall in August (Table 2.1). Heavy thunderstorms are common

during summer months, accounting for high rainfall averages during the

summer season. Average annual evapot -inspiration is approximately 39

inches and average annual lake evaporation is approximately 51 inches

(Fernald and Patton, 1984).
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2.1.3 Topography And Physiography

MacDill AFB is located within the Gulf Coastal Lowlands of the Gulf

Coastal Plain Province (Figure 2.2). This region is characterized by

flat topography with numerous wetlands. Sinkholes are also found in

this area. Elevations are generally less than 50 feet above mean sea

level (msl).

MacDill AFB itself is characterized by flat topography with

elevations of 15 feet msl or less. Much of the base is less than 5 feet

msl and is covered by mangrove swamp.

2.1.4 Surface Water Hydrology

MacDill AFB is located at the southern tip of the Interbay

Peninsula within an ill defined lowland area. The Interbay Peninsula is

generally drained by small shallow streams into Hillsborough Bay or

Tampa Bay. Stormdrains, canals, and drainage ditches drain water from

streets and paved areas. Runoff rates are low and standing water and

wetlands are common due to low relief.

Surface water hydrology on MacDill AFB is characterized by low,

flat areas with low runoff rates and standing water areas (wetlands).

Drainage canals, storm drains, and tidal creeks drain the base into

Tampa Bay and Hillsborough Bay. Surface water runoff from precipitation

is controlled by a stormwater canal system which carries water to tidal

creeks or directly to Tampa Bay or Hillsborough Bay (Figure 2.3). Tidal

streams and mangrove swamps cover a large portion of the south base

area. Broad Creek and Coon Hammock Creek are the two main outlets in

the mangrove area.

2.1.5 Geology

2.1.5.1 Regional Geology

Central Florida and MacDill AFB lie within the Atlantic Coastal

Plain Geologic Province. The Coastal Plain is characterized by thick

unconsolidated to consolidated sediments forming a wedge that thins

inland and generally overlies crystalline bedrock. In Central Florida

(Figure 2.4), the Coastal Plain sediments found at the surface are

Miocene or younger rocks and consist of clastic sediments and some sandy

limestones and dolomites. Miocene formations in Central Florida consist

I
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of the Hawthorn Formation and the Tampa Limestone. These units are

usually highly dissected and contain phosphatic and siliceous sediments.

The Oligocene-aged Suwannee Limestone, and the Eocene-aged Ocala

Limestone and Avon Park Formations underlie these Miocene sediments.

The general stratigraphy for the Tampa area is shown in Figure 2.5 and

described below. Figures 2.6, 2.7, and 2.8 show the general geology of

the west-central Florida region near Tampa and MacDill AFB.

The Hawthorn Formation is a complexly interbedded, highly variable

sequence that contains clays, silts, and sand beds with scarce to

abundant phosphate. Phosphatic dolomite or dolomitic limestones are

common in the lower part of the formation. The Hawthorn Formation

generally consists of a basal calareous unit, a middle clastic unit, and

a highly variable, mixed clastic and carbonate upper unit. The entire

formation constitutes a low-permeability rock unit which, when present,

comprises the upper confining unit of the Floridan Aquifer System

(Miller, 1986).

The Tampa Limestone is the basal unit of the Miocene-aged

sediments. It is generally a white to light-gray, sandy, hard to soft,

locally clayey, fossiliferous limestone that may contain phosphate and

chert. The Tampa Limestone grades into a white, hard to semi-indurated,

finely crystalline to micritic limestone with sand and clay. The

Tampa-Suwannee contact is gradational over most of this area.

The Suwannee Limestone is generally a white to cream, finely

pelletal limestone to a sandy limestone. In places part of the Suwannee

Limestone is complexly interbedded with a crystalline, highly vuggy,

fossiliferous limestone. The Suwannee Limestone overlies the

Eocene-aged Ocala Limestone.

The Ocala Limestone is one of the most permeable rock units in the

Floridan Aquifer System and consists of an upper and lower part. The

upper part of the Ocala is generally a soft, white, porous coquina. The

lower part of the Ocala consists of cream to wnite, fine grained, soft

to semi-indurated, micritic limestone containing fossils. The lower

part is not present everywhere and may be locally dolomitized. In parts

of southern Florida the entire Ocala may be micritic to pelletal lime-

stone. Where the Ocala is near the surface it results in the

dissolution of the limestone and the development of sinkholes and karst

topography. The Ocala Limestone overlies the Avon Park Formation.

2-8
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The Avon Park Formation is a sequence of predominantly brown

limestones and dolomites of various textures that underlies the Ocala

Limestone. The limestones are generally cream, tan, or light brown,

soft to well-indurated, mostly pelietal but locally micritic. The

dolomites are generally cream to light or dark brown, fine to medium

crystalline, slightly vuggy, and sometimes fractured. The lower part of

the Avon Park Formation in west-central Florida consists of low

permeability gypsiferous limestone and dolomite and forms an important

subregional confining unit within the Floridan Aquifer System (Miller,

1986). Rocks of older age underlie the Avon Park formation. These

units were not investigated for this study.

Surface deposits in the Tampa area generally consist of sands,

clays and gravels that are of fluvial origin, including beach and dune

deposits, stream sediments, and lagoonal and estuarine deposits. They

are generally highly permeable and may provide recharge to the Floridan

Aquifer System in areas where they directly overlie the upper units of

the aquifer.

The general configuration of the Coastal Plain sediments in the

central Florida region is that of a tilted wedge that thickens seaward.

Superimposed on this thick mass of unconsolidated to semiconsolidated

sediments are gentle uplifts and depressions of subregionai extent. The

dominant structural features of this region are the Peninsular Arch and

the Ocala "Uplift" (Figure 2.9). The Peninsular Arch is a northwest

trending feature that was positive (or upwarped) from Jurassic through

Cretaceous times and intermittently positive through Cenozoic time. The

Ocala "Uplift" is not a true uplift but was probably caused by

differential compaction of materials following deposition. Both

features appear as areas where sediments thicken on either flank of the

structures.

2.1.5.2 Local Geology

The surficial deposits at MacDill AFB consist of thin layers of

sand and clay which overlie the Tampa Limestone. These materials may or

may not be remnants of the Hawthorn Formation which is thin to absent at

MacDill AFB. The sands are generally quartzitic, very fine to fine

grained. They grade vertically downward into sandy clays, silty clays,
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and clays. These clayey materials overlie the top of the 'ampa

Limestone which has an irregular surface of solution cavities and voids.

The Tampa Limestone is the upper-most unit of the Floridan Aquifer

System in this area. Figures 2.10, 2.11, 2.12, 2.13, and 2.14 show the

geology and strata encountered during well installation at MacDill AFB.

The sands were five to twenty feet thick and the clay layers were

generally two feet to twenty feet thick in boreholes drilled on the

base, though clay was not present in every boring. Below the clay, a

layer of broken shell and marl was encountered in some borings while a

hard white limestone was encountered in the bottom of other borings.

The surface of this limestone unit, the Tampa Limestone, is irregular

with voids and cavities. These cavities are usually filled with soft

clayey materials and clastic detritus.

2.1.6 Hydrogeology

2.1.6.1 Regional Hydrogeology

The regional hydrogeology of the west-central Florida area is

characterized as a multilayered aquifer system which includes a

surficial aquifer and the confined Floridan Aquifer. The surficial

aquifer consists of sand, clayey sand, shell, and marl. These deposits

range in thickness from almost zero to approximately 100 feet. The

4ater table in this aquifer is within a few feet of the surface in some

areas.

In some parts of west-central Florida an intermediate aquifer

system exists below the surficial aquifer and above the Upper Floridan

Aquifer. This intermediate aquifer system consists of: a lower

confining unit of relatively impermeable clayey materials which lies

directly upon the top of the Upper "ridan Aquifer; the aquifer which

consists primarily of carbonate rocks within the Hawthorn Formation and

sometimes within the top of the Tampa Limestone; and, a nearly imperme-

able confining layer which consists of clayey surficial deposits or

clayey materials of the upper Hawthorn Formation which overlies the

carbonate rock unit. This system ranges in thickness from less than 25

feet to about 400 feet, and transmissivities in the system range from

nearly zero to about 1,000 ft 2/day.

The Floridan Aquifer consists of an upper aquifer and a lower

aquifer. The upper system consists of several permeable carbonate
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formations which are (from top to bottom) the Tampa Limestone, Suwannee

Limestone, Ocala Limestone, and the upper part of the Avon Park

Formation. These carbonate formations consist of sequences of highly

permeable limestones, sandy limestones, and dolomites which range in

thickness from about 500 feet to over 1,800 feet. The transmissivity of

the Upper Floridan is known to exceed 1,000,000 ft 2/day in the vicinity

of high-yielding springs. The base of the Upper Floridan Aquifer is the

highly impermeable, intergranular evaporites of the Avon Park Formation

which separates the Upper Floridan from the Lower Floridan Aquifer. The

Lower Floridan was not investigated for this report.

Recharge rates to the Floridan Aquifer are high in the northern

portions of the region where the aquifer outcrops or is in direct

contact with the surficial aquifer. Recharge is low to non-existent in

the south. In the Tampa area recharge is low to moderate. Near the
coast, the aquifer contains water high in chlorides due to salt water

intrusion (Ryder, 1985).

2.1.6.2 Local Hydrogeology

Groundwater at MacDill AFB occurs in the shallow, surficial aquifer

under water-table conditions and in the Floridan Aquifer under confined

conditions. The surficial aquifer at MacDill AFB consists of fine to

very fine sands and clayey sands which are from five to twenty feet

thick. The water table in these materials is shallow, oftf n as high as

three feet below ground surface. Groundwater levels and flow directions

are generally determined by low gradients and are tidally influenced by

drainage ditches and canals and Hillsborough and Tampa Bays.

Groundwater levels in this aquifer also vary seasonally with rainfall

amounts. Recharge to the surficial aquifer is from direct infiltration

of precipitation. Figures 2.10 to 2.14 show groundwater levels and

gradients across sites and between sites at MacDill AFB. Figure 2.15

shows generalized water level contours and flow directions for the

surficial aquifer during October, 1986 at MacDila AFB.

The Upper Floridan Aquifer underlies the surficial aquifer at

MacDill AFB. The Tampa Limestone forms an irregular surface beneath the

surficial aquifer. During October 1986, water in the Upper Floridan

stood at approximately two feet msl in three wells completed in the

Tampa Limestone.
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The surficial aquifer and the Floridan Aquifer may be hydraulically

connected in some areas beneath MacDill AFB. The clayey confining layer

that separates the two aquifers was observed to vary between two and

twenty feet in the boreholes drilled at MacDill AFB but may be absent in

other areas at the base. Recharge from the surficial aquifer to the

Upper Floridan Aquifer may take place in areas where the clay layer is

thin or absent. Generally, however, recharge to the Floridan Aquifer is

very low in this area due to the presence of the confining layer.

Water quality in the Floridan Aquifer in the Tampa area is affected

by salt water intrusion. Past overpumping of the aquifer in the

Tampa-St. Petersburg area pulled saltwater into the Floriaan Aquifer.

Well fields west of MacDill AFB which served the City of St. Petersburg

and Pinellas County have been closed due to salt water intrusion. A

thin layer of fresh water generally overlies the brackish water in the

upper part of the Tampa Limestone. The water quality of the surficial

aquifer is generally considered to be good except in areas near the

coast where saltwater intrusion is common. Water from the monitoring

wells installed at MacDill AFB generally showed high conductivities

which may be caused by tidal influences.

The surficial aquifer is not used for water supplies either on or

neaf MacDill AFB, and no wells drawing water from the surficial aquifer

exist on the base. However, recent information from the Hillsborough

County Health Department indicates that wells in the surficial aquifer

and the Floridan Aquifer may still be in use in the Port Tampa area

(Norman Vik, Hillsborough County Health Department, December 1987). The

Floridan Aquifer, although ngt used for water supplies at MacDill AFB,

is a major source of wate- in west-central Florida and the Tampa area.

Large well fields exist north of Tampa which supply water to

municipalities and industries. Water supply for MacDill AFB is provided

from the Hillsborough River by the city of Tampa, Florida.

2.1.7 Summary of Environmental Setting at MacDill AFB

The principal environmental conditions that could affect movement

of contaminants at MacDill AFB are summarized as follows:

o Average annual precipitation is approximately 44 inches, and

average annual evapotranspiration is approximately 39 inches.

Rainfall can be 'ntense during the summer thunderstorm season,
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resulting in ieavy runoff to surface water, drainage features,

and the surrounding aquatic areas (Tampa Bay, Hillsborough Bay,

mangrove swamps and creeks).

o No major streams flow through the MacDill Ait3 area, but the

base is drained by ditches, canals and creeks. These systems

flow into Tampa Bay, Hillsborough Bay, and the mangrove swamps

at the south end of the base, and are tidally influenced.

o The subsurface materials at MacDill AFB consist of sediments

and carbonate rocks. A water-table aquifer exists in the

upper, surficial deposits of sand and clayey sands, which is

hydraulically connected to the surface water system. Recharge

to this water-table aquifer is from infiltration of local

precipitation.

o The Floridan Aquifer lies beneath the surficial aquifer and is

generally separated from it by an intervening clay confining

layer which prevents groundwater movement between the two

aquifers. However, this confining layer is locally thin and

may not be present in all areas.

o General groundwater gradients in the Floridan Aquifer are low

and movement is in a southerly direction away from MacDill AFB

and toward the bay. Movement in the surficial aquifer is

affected by tidal conditions and low gradients across MacDill

AFB.

o Except where tidally influenced, the surficial aquifer produces

water of good quality, but it is not used locally as a water

source. On MacDill AFB no water supply wells exist in the

surficial aquifer.

o The Floridan Aquifer is regionally important as a water supply

source. Large wellfields nWrth of Tampa take water from this

aquifer. No water supply wells exist in the MacDill AFB area

in the Floridan Aquifer. Water supply to MacDill AFB and the

surrounding area comes from the city of Tampa.

These conditions produce an environmental setting with A low

potential for contaminants to affect water supplies. However, the

potential does exist for contaminant movement into aquifer systems and
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into the surface water system including Hillsborough Bay, Tampa Bay, and

local mangrove swamp environments.

2.2 AVON PARK AFR

2.2.1 Location

The Avon Park Air Force Range is located in central Florida in Polk

and Highlands Counties approximately 65 miles east of Tampa (Figure

2.16). The range covers 106,210 acres, of which 103,484 are animproved

land (Figure 2.17).

2.2.2 Climate

The local climate at Avon Park AFR is very similar to that

described for MacDill AFB. Average annual precipitation is approxi-

mately 48 inches and average annual evapotranspiration is approxima.T ely

40 inches per year. Rainfall can be intense during the summer thunder-

storm seasoni, resulting in heavy runoff to Arbuckle Creek and surface

water drainage features on the base.

2.2.3 Topography and Physiography

Avon Park AFR is located within the Lake Wales Ridge and Osceola

Plain physiographic regions (Figure 2.2). The Lake Wales Ridge region

includes a narrow, elongated area of rolling uplands with numerous hills

and lakes. Elevations range from 40 to 200 feet above msl. Most of the

lakes are deep and circular and were created by sinkhole formation. The

Osceola Plain region consists of flat areas bounded by the ridge on the

west, extending to the coastal plain on the east. Elevations on the

Osceola Plain range from 60 to 100 feet above msl (Fernald and Patton,

1984).

2.2.4 Surface Water Hydrology

The major surface water features at Avcn Park AFR are Lake

Arbuckle, Arbuckle Creek, and the surrounding wetlands (Figure 2.18).

Lake Arbuckle is a sinkhole lake formed by subsidence of carbonate

formations and may be hydraulically connected to the Floridan Aquifer

System. The lake forms the northeastern boundary of the Auxiliary

Airfield area and is drained by Arbuckle Creek south to Lake Istokpoga.

Arbuckle Creek is the main drainage feature at the Auxiliary

Airfield. It flows south through wetland areas which border the

airfield on the west. These wetlands and Arbuckle Creek receive flow

from the rim canal which bounds the Auxiliary Airfield on the north,
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east, and south. Arbuckle Creek flows south to Lake Istokpoga which is

part of the Kissimmee River System. Low relief and low runoff rates

contribute to standing water and wet areas on the Auxiliary Airfield.

2.2.5 Local Geology

The uppermost deposits at Avon Park AFR are post-Miocene aged sands

and clays which directly overlie the Miocene-aged Hawthorn Formation

(Figure 2.5). The sand is quartzitic, fine to very fine grained and

grades vertically into sandy clay, silty clay, and clay which comprises

the uppermost Hawthorn Formation. The sand is generally 15 to 20 feet

thick. At higher elevations along the ridge east of the base, surface

sands extend to a thickness of 100 feet.

Below the surface sand, the Hawthorn Formation extends as a 300

foot thick sequence of clay, sand, and limestone which serves as a

confining layer above the Floridan Aquifer. Beneath the Hawthorn lies

the Miocene-aged Tampa Limestone which comprises the uppermost unit of

the Floridan Aquifer. The Tampa Limestone is underlain by the Ocala

Limestone. The Ocala is a late Eocene-aged coquina or fossiliferous

micrite. The Ocala Limestone is approximately 200 feet thick beneath

Avon Park AFR. Beneath the Ocala lies the Avon Park Formation. The

Avon Park Formation is a 1700 foot thick sequence of brown limestone and

dolomite. The Avon Park Formation has previously been referred to as

two separate units, the Avon Park Limestone and the Lake City Limestone

(Miller, 1986).

2.2.6 Local Hydrogeology

Groundwater at Avon Park AFR occurs in the surficial aquifer under

water-table conditions. The surficial aquifer consists of fine to very

fine sand and clayey sand which varies from 15 to 20 feet thick, based

upon boreholes drilled at Avon Park AFR (Figures 2.19 and 2.20). The

water table in the shallow aquifer varies from four to seven feet below

ground surface. Groundwater flow direction in the surficial aquifer at

the Avon Park AFR Auxiliary Airfield is generally northwest toward Lake

Arbuckle (Figure 2.21). The shallow aquifer is directly connected to

the surface water drainage on the base. The water table aquifer is

recharged by infiltraton of precipitation, and movement within this zone

is very slo-. di' -o *0 w 1bydr ' 11 - -A-.. Discharge of groundwater

from this zone may occur by evapotranspiration or lateral seepage into a

stream, lake, or drainage ditch.
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The Floridan Aquifer occurs under confined conditions beneath Avon

Park AFR. The clay beds of the Hawthorn Formation form a 300 foot thick

confining layer that limits vertical downward movement of water from the

surficial aquifer and the vertical upward movement of water from the

Floridan Aquifer. Interconnection between the two aquifers may occur

where sinkholes have breached the Hawthorn Formation. Lake Arbuckle was

formed by sinkhole subsidence and a hydraulic connection may exist

between the two aquifers at that point. Contaminants reaching Lake

Arbuckle may enter the Floridan Aquifer system if the clays of the

Hawthorn have not "resealed" the lake bottom.

The Floridan Aquifer, specifically the lower portion of the Avon

Park Formation, previously called the Lake City Limestone, provides

nearly all the municipal and irrigation water supplies in the area.

Avon Park AFR receives its water supply from two wells located near Lake

Arbuckle and two wells located near the airfield (Figure 2.22).

Additionally, several wells at the campground near Lake Arbuckle are

completed in the surficial aquifer.

2.2.7 Summary of Environmental Setting at Avon Park AFR

The principal environmental conditions that could affect movement

of contaminants at Avon Park AFR are summarized a follows:

o Average annual precipitation is approximately 48 inches and

average annual evapotranspiration is approximately 40 inches

per year. Rainfall can be intense during the summer

thunderstorm season, resulting in heavy runoff to Arbuckle

Creek and surface water drainage features on the base.

o The Floridan Aquifer lies beneath the surficial aquifer and is

separated from it by a 300 foot thick clayey sequence of the

Hawthorn Formation. This confining layer may be breached at

Lake Arbuckle and other locations due to sinkhole collapse.

The breach may cause a hydraulic connection between the

. surficial aquifer and the Floridan Aquifer.

o The subsurface materials within the surficial aquifer consist9 of fine to very fine sand with varying amounts of silt and

clay. The hydraulic conductivity of these sediments is low and

results in very slow groundwater movement. The surficial

2-33

- .-



FIGURE 2.22
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aquifer is directly connected to surface water drainage

features such as Arbuckle Creek and the Rim Canal.

o Four water supply wells exist on base: Two wells are located

near Lake Arbuckle and two wells are located near the Auxiliary

Airfield. These wells are completed in the Avon Park Formation

(the Lake City Limestone). Additionally, several wells at the

Avon Park AFR campground are completed in the surficial

aquifer.

These conditions produce an environmental setting with a low

potential for contaminants to affect water supplies. The potential does

exist, however, for contaminant movement into the surficial aquifer and

surface water systems.

II
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SECTION I

FIELD INVESTIGATION PROGRAM

The field investigation programs at MacDill AFB and Avon Park AFR

included collecting site-specific hydrogeological data, and soil,

sedimen+, surface water, and groundwater samples for chemical analysis

from sites suspected of having environmental contamination due to past

waste disposal practices. The data obtained in the field program were

used to determine: (1) the presence or absence of contamination within

the specified areas of the field survey; (2) the potential for contam-

inant migration within the specified areas of the survey; (3) the extent

and magnitude of contamination; and, (4) the potential environmental

consequences and health risks of contaminants (if found). This section

discusses the scope of work and the procedures and methodology used in

the field activities during the IRP Phase II, Stage 2 investigation at

MacDill AFB and Avon Park AFR.

3. 1 PROGRAM DEVELOPMENT

The IRP Phase II, Stage 2 field investigation program for MacDill

AFB and Avon Park AFR was based on results of the Phase I effort

(CH2M-HILL, 1961), the Phase II, Stage 1 effort (WAR, 1984), and sub-

sequent technical reviews by the Air Force. From these reviews came the

following decisions concerning the Stage 2 field investigation program:

o Identification of sites for further investigation and new sites

not previously investigated.

o Idertification of analytical requirements based upon previous

4 analytical work and suspected contaminants at these sites.

o Selection of field investigation and sampling techniques.

These decisions were the basis for a Phase II, Stage 2 program which

involved work at the 12 sites identified in Table 1.1. The work
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consisted of: geophysical surveys using electrical resistivity and

magnetic methods; monitoring well installation; aquifer testing;

sampling of soils, sediments, surface water, and groundwater; and

chemical analysis of environmental samples.

3.2 GEOPHYSICAL SURVEYS

Electrical resistivity and/or magnetic geophysical surveys were

made at five of the twelve sites. These geophysical methods assisted in

defining locations of past disposal sites, identifying subsurface strat-

igraphic and lithologic features, detecting buried metallic objects, and

selecting locations for the monitoring wells. The complete Geophysical

Data Report, with detailed descriptions of the method used, is presented

as Appendix F. An additional geophysical survey was made at Site No. 11

during a second field program in August 1987. This report has been

added to Appendix F.

3.2.1 Magnetic Survey

The magnetic survey was conducted by taking magnetic field

intensity measurements of the earth at regularly spaced stations.

Station locations were established using a grid system that was laid out

using a compass and a measuring tape. Stations were generally located

at intervals of 10 feet. Measurements, in gammas, were obtained using a

Geometrics Model G846 Proton Magnetometer.

3.2.2 Electrical Resistivity Survey

An electrical resistivity survey, which measures the electrical

resistance of specific hydrogeologic settings to an induced current, was

performed by taking both horizontal and vertical resistivity readings.

Measurements, in ohms, were obtained using a Bison Earth Resistivity

Meter Model 2350B.

Lateral changes in subsurface electrical properties were measured

by a technique called profiling. Profiles were performed at a number of

locations to measure areal changes in resistivity at given depths. The

electrode configuration used was the standard Wenner Array, for which

the depth of investigation is a subsurface zone roughly three-fourths to

one times the electrode spacing.

Soundings were used to measure vertical variability of resistivity

at individual surface points. The electrode configuration utilized for
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soundings was the Modified Wenner Array (Carrington and Watson, 1981),

for which the dcpth of subsurface investigated is roughly equal to the

separation distance of the two potential electrodes.

3.3 DRILLING AND MONITORING WELL INSTALLATION

Monitoring wells were installed at seven sites on MacDill AFB and

at two sites on Avon Park AFR. These wells were installed (1) to obtain

geologic and stratigraphic information; (2) to obtain hydrogeologic

information such as water level elevations and aquifer descriptions and

characteristics; and (3) to obtain samples of the groundwater for

chemical analysis. Twenty-seven wells were installed at MacDill AFB and

two were installed at Avon Park AFR. Well construction details are

presented in Table 3.1. Well construction diagrams, well completion

forms, and field boring logs are presented as Appendix D.

The boreholes for all shallow wells at MacDill AFB and Avon Park

AFR were drilled using a Mobile B-57 drilling rig utilizing twelve-inch

diameter hollow-stem augers. Samples were collected at five-foot

intervals during drilling using two-inch diameter split-spoon samplers.

These samples were used for visual classification of soils and lithology

changes, and for visual screening for contamination. Any obvious

presence of contaminants, discoloration, or odors were noted in the

boring logs. The borings and samples were also monitored using a photo-

ionization detector, HNU Model PI 101, and an explosimeter. Logs were

kept for each boring describing the soils, lithologies and the presence

of any contaminant.

The borehole was advanced to the appropriate depth, and the well

screen and casing was then installed through the hollow-stem. The wells

were completed using two-inch diameter Schedule 40 PVC casing. The

screen was also two-inch diameter Schedule 40 PVC with 0.010 inch slot

size. All casing was threaded with flush joints. On occasion, the

screen was connected to another segment of screen, or to blank casing

using a PVC connector and stainless steel screws. The casing and screen

were lowered through the hollow-stem auger and set at the determined

depth. Silica sand (20-30 size) was poured in the annular space as the

auger was withdrawn until the sand was a minimum of one-foot above the

top of the screen. The boring was then sealed with a minimum one-foot
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layer of granular bentonite, and backfilled with neat cement grout to

the surface. One well at Site No. 23 was installed using four-inch

diameter Schedule 40 PVC screen and casing by the same procedure.

Figure 3.1 shows the general construction details for the shallow wells.

The three deeper wells were constructed at Site No. 23 by drilling

into the top of the Tampa Limestone using mud rotary methods. First, an

eight inch diameter surface casing was installed into a twelve inch

diameter boring that penetrated the top of the clay confining layer.

The surface casing was grouted into the clay layer. Next, a six-inch

mud rotary boring was drilled through the surface casing into the top of

rock. Two-inch diameter schedule 40 PVC casing and screen was set into

the six-inch boring. The deeper wells were completed as described above

and as shown in Figure 3.2.

All wells had four-inch diameter steel security risers with locking

caps installed around the PVC casing. Three steel guard posts were

installed around the protective risers. All steel risers and guard

posts were painted. All wells were developed by pumping until the

discharge water was clear and free of sediment.

3.4 AQUIFER PUMPING TEST

An aquifer pumping test was performed at Site No. 23 to determine

the hydraulic characteristics of the surficial aquifer. The test was

performed using well MD23-11 (which was completed as a 4-inch well) as

the pumped well and well MD23-15 as an observation well. A submersible

pump was installed in well MD23-11 and pumped at approximately 4.5

gallons per minute. The drawdown phase of the test was conducted for

approximately ten hours; recovery data was collected for two hours. A

complete dpccription of the test with all field data and interpretive

plots are included as Appendix E.I
3.5 SAMPLE COLLECTION FOR CHEMICAL ANALYSIS

3.5.1 Surface Soil Samples

Soil samples were collected for chemical analysis at Avon Park AFR

Site No. 9. The samples were taken at 0.5 foot depths using a shovel to

dig to the proper depth. A stainless steel spoon was then used to

collect and composite samples. All sampling equipment was cleaned and

decontaminated prior to use as described below in Section 3.5.4.
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FIGURE 3.1

MACDILL AFB -,AVON PARK AFR
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CONSTRUCTION DETAILS
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FIGURE 3.2

MACDILL AFB -'AVON PARK AFR

TYPICAL DEEP MONITORING WELL
CONSTRUCTION DETAILS
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3.5.2 Surface Water and Sediment Samples

Surface water and sediment samples were collected from six sites on

MacDill AFB and one site on Avon Park AFR. Surface water samples were

gathered by submerging the sample bottles directly into the drainage

ditch or canal. Temperature, pH, and conductivity were measured and

recorded. After obtaining water samples, sediment samples were col-

lected from the ditch or canal bottom at the same location as the

surface water samples. Sediment samples were collected using a tube

type sampler or a shovel and bucket. All sampling equipment was cleaned

and decontaminated prior to use at each location as described below.

3.5.3 Groundwater Sampling

All new monitoring wells and most existing monitoring wells at

MacDill AFB and Avon Park AFR were purged and sampled for the Phase II,

Stage 2 effort. Prior to sampling each well, the water level depth was

measured using a electric water level indicator and the volume of water

in the casing was calculated. The wells were purged using a 1.75-inch

diameter hand pump. The amount removed was measured at the discharge

outlet and five to ten volumes of water were purged from each well.

Water levels were checked immediately prior to sampling to insure that

water levels had recovered.

The wells were sampled using a decontaminated Teflon* bailer.

Temperature, conductivity, and pH were measured in the field.

3.5.4 Decontamination of Sampling Equipment

All sampling equipment was cleaned and decontaminated prior to use

at each sampling location by washing with detergent, rinsing with

potable water, rinsing with methanol, and rinsing with large quantities

of deionized water. Decontaminated tools and sampling equipment were

kept on clean plastic prior to use and during sampling. Teflon® bailers

were wrapped in aluminum foil for storage after decontamination.

A second sampling event was performed in August 1987. The decon-

tamination procedures for sampling equipment were changed. The decon-

tamination consisted of the following steps:

o Wash with Alconox detergent.

o Double rinse with organic free, ASTM Type II deionized water.

o Rinse with pesticide-grade methanol.
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o Rinse with pesticide-grade hexane.

o Air dry thoroughly and wrap in aluminum foil.

All sampling equipment was either wrapped in aluminum foil or placed on

aluminum foil prior to use. No plastic sheeting or plastic bags were

used around cleaned equipment.

3.6 SAMPLE NUMBERING SYSTEM

Each individual sample was assigned a unique sample identifier that

describes the sample medium and where the sample was collected (Table

3.2). The sample identifier was the same on bottle labels, chain of

custody forms, laboratory forms, any other reference to that particular

sample. Each sample identifier consisted of a group of letter and

numbers that identified:

o The site name, a one or two letter abbreviation.

o The MacDill AFB or Avon Park AFR identifier, "MD" or "AP".

o The site number.

o The sample matrix abbreviation, i.e., GW for groundwater, SW

for surface water, SD for sediment, and SS for soil.

o The sample number or well number.

o The laboratory destination.

For example, a groundwater sample collected at MacDill AFB, Site No. 9,

the recent landfill, from monitoring well number 3 at that site, which

was sent to the ES laboratory, would receive the following number:

RL MD9-3 GW ES

Field duplicates and blanks collected for quality assurance pur-

poses were also assigned unique sample identifiers. The sample number

or well number was changed to a different numeral with no corresponding

well or sampling location in the field. For example, a blind duplicate

of the groundwater sample identified above would be: RL MD9-8 GW ES.

The well number 8 is the change (only seven wells actually exist at that

particular site). Records of all such quality assurance samples were

kept in the field log books.
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TABLE 3.2

SAMPLE NUMBERING SYSTEM

Project Identification: MD MacDill

AP Avon Park

Site Identification:

B Former Fuel Storage Area No. 2 (Site B)

DK Landfill :t Dog Kennel (Site No. 3)

PL Past Landfills (Site No. 5-8)
RL Recent Landfills (Site No. 9)

CM Chemical Munitions Burial Area (Site No. 11)

CP Creosote Pit (Site No. 13)
FT Fuel Tank Farm (Site No. 16)

DS Drum Storage Area (Site No. 17)
FA Fire Training Area (Site No. 23)

AO Old Landfill, Avon Park AFR (Site AP-6)

AC Recent Landfill, Avon Park AFR (Site AP-7)

AA Army Test Site, Avon Park AFR (Site AP-9)

Type of Sample:

GW Groundwater
SW Surface Water

SD Sediment

Laboratory Identification:

ES Engineering Science (Savannah Laboratories and Environmental

Services, Inc.)

OEHL USAF Occupational and Environmental Health Laboratory

Example Sample Numbers:

MacDill DK MD3-1 GW ES

MacDill Air Force Base, Landfill at Dog Kennel (Site 3), well number
MD3-1, groundwater sample, sent to Engineering-Science Laboratory for

analysis.

MacDill RL MD9-SW2 OEHL

MacDill Air Force Base, Recent Landfill (Site 9), surface water

sample number 2, sent to USAF Occupational and Environmental Health

Laboratory for analysis.

3-10



3.7 SAMPLE HANDLING, PACKAGING, AND SHIPMENT

All samples and duplicates were collected directly in pre-cleaned

glass and plastic bottles for shipping to the laboratory. These con-

tainers were supplied pre-cleaned according to EPA procedures by I-Chem

Research, Inc., of Hayward, California. When required for a particular

analysis, preservatives were added to the containers immediately before

sample collection. Each sample container was sealed by a TeflonO-lined

cap that was taped shut using polyethylene tape to ensure it remained

sealed during shipment. Individual bottles were then wrapped in bubble

pack to prevent breakage during shipment.

Individual sample containers were labeled with the following infor-

mation:

o Project identifier (MacDill AFB).

o Sample identifier (as described above).

o Preservatives added (specific for analytical method).

o Date of sample collection.

o Time of sample collection.

o Required analytical method (specific for each container).

The individual containers for one analysis were all placed together in a

sealed plastic bag to prevent cross-contamination in the event of

container breakage during shipment. These bags were then placed into

insulated shipping coolers, along with a sealed plastic bag containing

ice.

A chain-of-custody form with the following information was

completed and sealed inside each cooler in a waterproof envelope prior

to shipping:

o Project identifier (MacDill AFB).

o Name and signature of person who collected the samples.

o Sample identifiers (for all samples in the cooler).

o Date and time of sample collection.

o Number of individual containers for each sample.Ii
o Required analytical methods for each sample.
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The shipping coolers were sealed shut with security labels taped over

opposite ends of the lid. The coolers were placed in cardboard mailers

and shipped for overnight delivery to the laboratory. Copies of the

completed chain-of-custody forms obtained from the laboratory upon

completion of analytical effort and sample disposal Rre presented as

Appendix H.

Blind duplicates shipped for quality assurance (QA) purposes were

routinely included in shipments along with other samples, and their

unique sample identifiers (see above) should have made them indis-

tinguishable from normal samples to the laboratory personnel.

As an additional quality assurance measure, duplicates of samples

shipped for chemical analysis (ten percent of the total number of

samples) were also shipped to the USAF Occupational and Environmental

Health Laboratory (USAFOEHL/SA) at Brooks AFB, Texas. The selection as

to which duplicate samples would be mailed to OEHL was made by the

MacDill AFB Bioenvironmental Engineer. These samples were given iden-

tical sample identifiers (except for the destination laboratory abbre-

viation).

3.8 CHEMICAL ANALYTICAL METHODS AND PROCEDURES

Individual samples were analyzed in the laboratory for selected

parameters, as described below in Subsection 3.9. The analytical

methods followed were all standard, published procedures, as summarized

in Table 3.3. The target detection limits achieved for each method are

presented in Appendix I, Tables I.1 and 1.2. In accordance with the

Statement of Work (SOW) presented as Appendix G, second-column GC

analyses were performed to confirm the identity of any compounds found

in the samples at concentrations exceeding the target detection limits.

All samples were prepared for analysis in accordance with the

published methods listed in Table 3.3. All water samples were shipped

to the laboratory and analyzed unfiltered.

Internal quality control (QC) samples were routinely run by the

laboratory at a frequency of approximately 10 percent. These included

matrix spikes, method blanks, and duplicates. Blind field blanks and

duplicates were analyzed as quality assurance (QA) samples at an overall

level of about 10 percent. A summary of QC and QA results is presented

in Appendix I.
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TABLE 3.3

ANALYTICAL PARAMETERS AND METHODS
USED AT MACDILL AFB AND AVON PARK AFR

Parameter Method Reference

Groundwater and Surface Water Samples

Purgeable Organics E601 and E602 1

Purgeable Organics E601 and 1
with Xylenes SW5030/8020 2

Base/Neutral and Acid E625 1
Extractable Organics

1,2-Dibromoethane (EDB) E502.1 3

Petroleum Hydrocarbons E418.1 4

Cadmium (Cd) E213.2 4

Chromium (Cr) E218.2 4

Lead (Pb) E239.2 4

Zinc (Zn) E289.1 4

Metals Scan E200.7 and 4
(Mercury, Hg) E245.1 and 4
(Arsenic, As) E206.2 and 4
(Antimony, Sb) E204.2 and 4
(Molybdenum, Mo) E246.2 and 4
(Lead, Pb) E239.2 and 4
(Selenium, Se) E270.2 4

pH (field measurement) E150.1 4
Specific Conductance (Field Measurement) E120.1 4
Temperature (Field Measurement) E170.1 4

Soil and Sediment Samples

Volatile Organics SW5030/L'240 2

Semi-volatile Organics SW3550/8270 2

Chlorinated Herbicides SW8150 2

2,3,7,8 - TCDD (dioxin) SW3550/8280 5
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TABLE 3.3
(Continued)

ANALYTICAL PARAMETERS AND METHODS
USED AT MACDILL AFB AND AVON PARK AFR

Parameter Method Reference

Petroleum Hydrocarbons SW3550/E418.1 2/4

Cadmium (Cd) SW3050/7130 2

Chromium (Cr) SW3050/7190 2

Lead (Pb) SW3050/7420 2

Zinc (Zn) SW3050/7950 2

Metals Scan SW1310/6010 and 2

(Mercury, Hg) SW7471

References:

1. Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, EPA-600/4-82-057, US EPA Environmental Monitoring and
Support Laboratory, July 1982.

2. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,
SW 846, US EPA Office of Solid Waste and Emergency Response, 2nd
Edition, July 1982 (Update, Number II, 1985).

3. Determination of Halogenated Chemicals in Water by the Purge and
Trap Method, EPA-600/4-81-059, US EPA Environmental Monitoring and
Support Laboratory, April 1981.

4. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020,
US EPA Environmental Monitoring and Support Laboratory, Revised
March 1982.

5. 40 CFR 261, Appendix X - "Methods of Analysis for Chlorinated
Dibenzo-P-Dioxins and Dibenzofurans," Federal Register 50 2001,
January 14, 1985.
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3.9 SITE-SPECIFIC FIELD PROGRAM DETAILS

A summary of the site-specific field investigations and a listing

of the analytical parameters are presented in Table 3.4. Activities at

individual sites are described below.

3.9.1 Former Fuel Storage Area No. 2 (Site B)

The field program at Site B consisted of geophysical surveys, using

electrical resistivity (ER) and magnetic methods, and the installation

and sampling of five monitoring wells at the locations shown in Figure

3.3. The magnetic survey was used to locate the buried tanks. The ER

survey was performed to aid in locating any identifiable contaminant

plumes and subsurface stratigraphic and lithologic features such as the

uppermost sand aquifer and the underlying clay confining layer.

Monitoring wells MDB-1, MDB-2, MDB-3 and MDB-4 were drilled to

depths of 17 feet, 14 feet, 14 feet, and 15 feet, respectively. MDB-1

was located north-west of the site just off Short Cut Road. MDB-2 was

located along the south-west edge of the site, near the South Apron.

MDB-3 and MDB-4 were located along the south-eastern edge of the site

near Building 90. These four wells were installed to aid in defining

shallow subsurface lithology, groundwater flow directions, and water

quality at Site B. Groundwater samples collected from these wells were

analyzed for purgeable organics including xylenes, EDB, petroleum hydro-

carbons and lead. The temperature, pH, and specific conductance of the

groundwater samples were measured at the time of sampling.

Additional work was conducted at Site B during August 1987 which

included the installation of an additional monitoring well and the

collection and analysis of a second round of groundwater samples from

all wells. The additional monitoring well MDB-5 was installed between

wells MDB-1 and MDB-4 along Short Cut Road, nd was drilled to a depth

of 13 feet. The second round of groundwater samples were analyzed for

g |puraeable organics including xylene, petroleum hydrocarbons, and lead.

3.9.2 Landfill at Dog Kennel (Site No. 3)

4 The field program at Site No. 3 consisted of an electrical resis-

tivity (ER) survey, the installation of one upgradient monitoring well,

and the collection of surface water, sediment, and groundwater samples.

The ER survey was performed to qualitatively identify the extent of any

leachate plumes.
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Monitoring well MD3-6 was installed north of the site on the

northern side of Southshore Road (Figure 3.4) and was drilled to a depth

of 14 feet. This well was installed as an upgradient monitoring well

and to help define shallow subsurface lithology. Groundwater samples

were collected from existing wells MD3-1, MD3-2, MD3-3 and the new well

MD3-6 (Wells MD3-4 and MD3-5 were not sampled during the Phase II, Stage

2 effort.) These samples were analyzed for purgeable organics, base/

neutral and acid extractable organics, and metals.

Surface water and sediment samples were taken at seven locations in

the drainage ditches which form the boundaries of the site (Figure 3.4).

The sediment and surface water samples were also analyzed for purgeable

organics, base/neutral and acid extractable organics, and metals. The

temperature, pH, and specific conductance of the groundwater and surface

water samples were measured at the time of sampling.

Additional fieldwork conducted at Site No. 3 in August 1987

included the collection and analysis of samples from surface water

stations SW-i to SW-5 and groundwater monitoring wells MD3-1, MD3-2,

MD3-3, and MD3-6. The samples were analyzed for base/neutral and acid

extractable organics.

3.9.3 Past Landfills (Sites No. 5-8)

The field program at Sites No. 5-8 consisted of drilling two upgra-

dient monitoring wells and collecting sediment, surface water and

groundwater samples. Monitoring wells MD58-5 and MD58-6, located along

the northern side of Southshore Road (Figure 3.5), were drilled to

depths of 14 feet and 10 feet, respectively.

Groundwater samples were collected from both new wells and fromg existing wells MD58-1, MD58-2, MD58-3 and MD58-4. The groundwater

samples were analyzed for purgeable organics, base/neutral and acid

extractable organics, and metals. Sediment and surface water samples

were collected at five locations along the drainage ditch which forms

the southern boundary of Sites 5-8 (Figure 3.5)'. These samples were

analyzed for the same parameters as the groundwater samples.

Temperature, pH, and specific conductance of groundwater and surface

water samples were measured at the time of sampling.

A second round of sampling was conducted at Sites No. 5-8 in August

1987. Samples were collected from the surface water stations and all
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monitoring wells and analyzed for purgeable organics and base/neutral

and acid extractable organics.

3.9.4 Recent Landfill (Site No. 9)

The field program at Site No. 9 included an electrical resistivity

(ER) survey, the installation of four monitoring wells, and the col-

lection of sediment, surface water, and groundwater samples. The ER

survey was performed to qualitatively identify the extent of any

leachate plumes.

Monitoring wells MD9-4, MD9-5, MD9-6 and MD9-7 were drilled to

depths of 12 feet, 9 feet, 14 feet, and 14 feet, respectively. Moni-

toring well MD9-4 was located at the corner of Rattlesnake Road and the

road leading into the landfill area, and wells MD9-5, MD9-6 and MD9-7

were aligned west to east along the south side of the gravel road in the

fenced landfill area (Figure 3.6). These wells were located to aid in

defining shallow subsurface lithology, groundwater flow directions, and

water quality at the site.

Groundwater samples were collected from the new wells and existing

wells MD9-2 and MD9-3. Well MD9-1 could not be found in the area where

it was reportedly installed (WAR, 1984) as shown in Figure 1.9, and it

may have been destroyed. Groundwater samples were analyzed for purge-

able organics, base/neutral and acid extractable organics, and metals.

Sediment and surface water samples were collected at two locations along

the drainage ditch south of the landfill. These samples were analyzed

for the same parameters as the groundwater samples. Temperature, pH,

and specific conductivity of the groundwater and surface water samples

were measured at the time of sampling.

A second round of sampling was conducted at Site No. 9 in August,

1987. Samples were collected from four surface water stations and the

six groundwater monitoring wells. These samples were analyzed for

purgeable organics and base/neutral and acid extractable organics.

3.9.5 Chemical Munitions Burial Area (Site No. 11)

The old Chemical Munitions Burial Area was reported (CH2M HILL,

1981) as the area across Southshore Road from the old SAC Alert Area,

next to the north-south drainage canal (Figure 3.7). A records search

was performed to further identify the burial area and the types of waste

buried there. The field work at this site included the collection of
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surface water and sediment samples at three locations in drainage

ditches and canals on the site. These samples were analyzed for pur-

geable organics, base/neutral and acid extractable organics, and metals.

Temperature, pH, and specific conductance of the water samples were

measured at the time of sampling. A geophysical survey was conducted at

this site during August 1987.

3.9.6 Creosote Pit (Site No. 13)

The field program at Site No. 13 included an electrical resistivity

(ER) survey, the installation of three monitoring wells, and groundwater

sampling. The ER survey was performed to help locate the creosote pit

and to qualitatively identify any leachate plumes.

Monitoring wells MD13-1, MD13-2, and MD13-3 were each drilled to a

depth of 20 feet. Boring MD13-2A encountered a solution cavity at a

depth of 17 to 22 feet. This boring was backfilled with bentonite and

neat cement to the surface and a new boring drilled at a distance of

approximately 25 feet. This boring was completed as well MD13-2. Well

MD13-1 is located north of a water retention pond near North Boundary

Road. Well MD13-2 is located approximately 700 feet south of MD13-1.

Well MD13-3 is located near the Base Exchange Building, just west of C

Street (Figure 3.8). These wells were installed to define shallow,

subsurface lithology, groundwater flow directions, and water quality at

Site No. 13.

Groundwater samples collected from these wells were analyzed for

base/neutral and acid extractable organics. Temperature, pH and

specific conductance of the groundwater samples were measured at the

time of sampling.

g 3.9.7 Fuel Tank Farm (Site No. 16)

The field program at Site No. 16 consisted of the collection of

sediment and surface water samples at six locations from the drainage

ditches near the site. The locations of the sampling stations are given

in Figure 3.9. The surface water samples were analyzed for petroleum

hydrocarbons, purgeable organics including xylenes, EDB, and lead.

Temperature, pH, and specific conductance of the surface water samples

were measured at the time of sampling. The sediment samples were

analyzed for petroleum hydrocarbons, purgeable organics, and lead.
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3.9.8 Drum Storage Area (Site No. 17)

The field program at Site No. 17 included the installation of one

upgradient monitoring well, the collection of groundwater samples from

the new well and two existing wells, and the collection of three

sediment samples and one surface water sample from three locations in

the drainage ditch west of the site. Monitoring well MD17-3 was

installed to a depth of 20.5 feet north of Building 864 and upgradient

of the site (Figure 3.10). Groundwater samples from this well and two

existing wells (MD17-1 and MD17-2) were analyzed for purgeable organics,

base/neutral and acid extractable organics, lead, cadmium, zinc, and

chromium. Three sediment samples and the one surface water sample were

collected and were analyzed for the same parameters as the groundwater.

Temperature, pH, and specific conductance of the groundwater and surface

water samples was measured at the time of sampling.

Additional fieldwork was conducted at Site No. 1? during August,

1987, which included the installation of an additional monitoring well,

MD17-4, and the collection of two surface water samples and four ground-

water samples. The samples were analyzed for purgeable organics and

base/neutral and acid extractable organics. The new monitoring well,

MD17-4, was installed due south of the site (Figure 3.10).

3.9.9 Fire Training Areas (Site No. 23)

The field program at Site No. 23 included an electrical resistivity

(ER) survey, the installation of eleven monitoring wells, installation

of one observation well for aquifer testing, an aquifer pumping test,

and groundwater sampling. The ER survey was performed to qualitatively

identify the extent of any contaminant plumes.

Eight shallow monitoring wells were installed (Figure 3.11).

Monitoring wells MD23-7, MD23-8, MD23-9 and MD23-10 are located at the

active fire training area and were completed to depths of 15 feet, 15

feet, 21 feet and 14 feet, respectively. Monitoring wells MD23-11,

MD23-12, MD23-13, and MD23-14 are located at the inactive fire training

area and were completed to depths of 19 feet, 15 feet, 14 feet, and 14

feet, respectively. These wells were installed to define shallow sub-

surface lithology, to determine groundwater flow directions, and to

determine water quality in the shallow aquifer.
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Three deeper aquifer monitoring wells MD23-D1, MD23-D2 and MD23-D3

were installed, one upgradient and two downgradient from site No. 23

(Figure 3.11). They were drilled to depths of 63 feet, 90 feet, and 57

feet, respectively. These wells were installed to help define ground-

water flow directions and water quality in the upper part of the

Floridan Aquifer.

Groundwater samples, collected from all eleven of the new wells and

all six of the existing wells, were analyzed for purgeable organics,

petroleum hydrocarbons, and lead. Temperature, pH, and specific conduc-

tance of samples from the wells were measured at the time of sampling.

An aquifer pumping test was performed at the inactive fire training

area using well MD23-11 as the pumped well. Well MD23-15 was completed

as an observation well at a depth of 14 feet. The results of this test

are given in Section 4 and a complete description of the test procedures

and raw data are presented as Appendix E.

3.9.10 old Landfill, Avon Park (Site AP6)

The field program at Avon Park AFR Site AP6 consisted of the

installation of one upgradient monitor well and the collection of sed-

iment, surface water, and groundwater samples. Monitoring well AP6-4

was installed to a depth of 20 feet, upgradient of the site, just east

of Kissimmee Road (Figure 3.12).

Groundwater samples from the new well and three existing wells

(AP6-1, AP6-2 and AP6-3) were analyzed for purgeable organics., base/

neutral and acid extractable organics, petroleum hydrocarbons, and

metals. Three sediment and surface water sampling stations were located

within the rim canal which runs east to west through the site (Figure

3.12). Samples from these locations were analyzed for the same

parameters as the groundwater samples. Temperature, pH, and specific

conductance of the groundwater and surface water samples were measured

at the time of sampling.

3.9.11 Recent Landfill, Avon Park (Site AP7)

The field program at Site AP7 included the installation of one

upgradient monitoring well and the collection of groundwater samples.

Monitoring well AP7-4 was installed to a depth of 20 feet upgradient of

the site, across the taxiway from the southern corner of the landfill

area (Figure 3.13).
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Groundwater samples collected from the new well and the three

existing wells (AP7-1, AP7-2 and AP7-3) were analyzed for purgeable

organics, base/neutral and acid extractable organics, petroleum hydro-

carbons, and metals. Temperature, pH, and specific conductivity of the

groundwater samples were measured at the time of sampling.

3.9.12 Army Test Area, Avon Park (Site AP9)

Soil samples were collected at ten locations within Site AP9, from

the upper six inches of soil. The soils sampling locations are shown on

Figure 3.14. The soil samples were analyzed for 2,3,7,8-TCDD (dioxin)

and herbicides.

3.10 SCHEDULE OF FIELD ACTIVITIES

The initial field program was conducted from August to November

1986. Geophysical studies were conducted between 6 August 1986 and 19

August 1986. Monitoring well installation and drilling activities were

conducted between 15 September 1986 and 7 October 1986. The monitoring

wells were sampled between 9 October 1986 and 30 October 1986. Surface

sediment, and soil samples were collected between 19 October 1986 and 30

October 1986. The aquifer pumping test at site No. 23 was performed

during the period from 15 October to 17 October 1986.

A second field investigation was conducted which included the

installation of a new monitoring well at Site B and a new monitoring

well at Site 17, a geophysical survey at Site 11, and the collection of

surface water and groundwater samples at Sites B, 3, 5-8, 9, and 17.

This effort was conducted in August of 1987.
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SECTION 4

RESULTS AND SIGNIFICANCE OF FINDINGS

This section presents the results of the field investigation

programs described in Section 3, and both general and site-specific

discussions of the significance of the findings at MacDill AFB and Avon

Park AFR. Subsection 4.1 presents a site-by-site summary of field

observations, results of the geophysical surveys, drilling and well

installation program results, aquifer pumping test results, and

analytical results for groundwater, surface water, sediment, and soil

samples. Subsection 4.2 is the discussion of the criteria used to

determine the significance of these results including applicable federal

and State of Florida standards and guidelines. The significane of the

findings at the individual sites is presented in subsection 4.3.

The raw data from which the results in this section were derived

are presented as several appendices to this report. The Geophysical

Survey Report is Appendix F, and the Aquifer Pumping Test Data are

presented as Appendix E. Analytical data are presented in Appendix J,

with Quality Control/Quality Assurance Data in Appendix I. The field

boring logs, well completion reports, and well diagrams are given in

Appendix D.

4.1 SITE-SPECIFIC RESULTS OF THE FIELD INVESTIGATION PROGRAM

4.1.1 Former Fuel Storage Area No. 2 (Site B)

The initial field investigation at Site B included magnetic and

electrical resistivity (ER) surveys and the installation and sampling of

four monitoring wells. The magnetic survey identified the location of

the old buried fuel tanks and pipelines as the same area as indicated on

utilities drawings acquired from Base Civil Engineering. The approxi-

mate locations of the buried tanks and pipelines are shown in Figure

4.1. The ER survey consisted of one 60 foot sounding and profiles at 5,
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10, 20, and 30 foot spacings. The sounding data were not conclusive in

differentiating between stratigraphic units at this site. The ER pro-

files showed low resistivity readings in the south and southwest por-

tions of the site, where wells MDB-2 and MDB-3 were later installed.

Four monitoring wells were installed at Site B (Figure 4.2) ranging

in depth from 14 to 17 feet. All were completed in the undifferentiated

sandy materials (sands, silty sands, clayey sands) of the surficial

aquifer. Neither visual examination of samples and cuttings or moni-

toring with the HNU organic vapor detector during drilling indicated the

presence of any contaminants.

Groundwater levels were measured during October 1986 and again at

high and low tides during January and August, 1987. Groundwater eleva-

tions (in feet Mean Sea Level [MSL)) for each event are given below:

January 1987 August 1987

October 1986 High Tide Low Tide High Tide Low Tide

MDB-1 3.25 2.91 2.87 3.01 3.02

MDB-2 3.79 3.62 3.53 3.54 3.55

MDB-3 3.97 3.31 3.14 3.15 3.11

M13B-4 3.20 2.69 2.59 2.68 2.69

MDB-5 ...... 2.62 2.61

Based on these measurements, the general groundwater flow direction at

Site B is shown on Figure 4.2. Groundwater is influenced by tidal

changes as shown above. Extremely high or low tides during storms and

spring tides will cause even greater disruptions to flow directions and

gradients.

Groundwater samples were collected from all four wells at site B

during the first field sampling in October 1986. The samples were

analyzed for purgeable halocarbons, aromatic volatile organics

(including xylenes), EDB, petroleum hydrocarbons, and lead. Analytical

results and field measurements for Site B are gix.en in Table 4.1. In

well MDB-2, chloroform was found and confirmed at 1.4 ug/L, ethylbenzene

at 12 ug/L, and xylene at 1.0 ug/L. No purgeable halocarbons or

aromatics were found in the other groundwater samples. Lead was found

only in water from well MDB-3 at 0.01 mg/L. Petroleum hydrocarbons were
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found in water from well MDB-4 at 0.50 mg/L. Field analyses showed pH,

conductivity, and temperature were approximately the same in all four

wells at Site B.

During August, 1987, a second round of field work was conducted at

Site B. This work included the installation of one additional monitor-

ing well, the collection and analysis of groundwater samples from all

five monitoring wells, and the measurement of water levels at high and

low tide events. The new monitoring well, MDB-5, was installed along

Short Cut Road, east-northeast of the abandoned underground tanks

(Figure 4.2) This well was completed in sandy materials in the surfi-

cial aquifer. This location is downgradient of the site, based upon

water levels measured during the first field effort. The results of

high and low tide water level measurement (shown above) indicate a flow

direction towards the east-northeast, which is consistent with previous

groundwater measurements.

Groundwater samples were collected from the five wells at Site B

during August 1987. These samples were analyzed for purgeable

halocarbons, aromatic volatile organics (incuding xylenes), petroleum

hydrocarbons and lead. Analytical results and field measurements for

the second round samples at Site B are included in Table 4.1. In well

MDB-2, chlorobenzene was confirmed at 1.1 ug/L and ethylbenzene at 5.3

ug/L. Methylene chloride was reported in the analyses for wells MDB-1,

-2, -3, -4 and -5, all at concentrations less than 1 ug/L. Chloro-

methane was reported for well MDB-5 at 2.6 ug/L. No other purgeable

halocarbons or aromatics were found. Petroleum hydrocarbons were

detected in all samples at trace levels (0.36 to 0.98 mg/L).

Conductivity ranged from 250 to 500 umhos/cm and temperature ranged from b
29'C to 31'C in these groundwater samples.

4.1.2 Landfill at Dog Kennel (Site No. 3)

The initial field investigation at Site No. 3 included an ER

survey, the installation of one monitoring well, groundwater sampling,

and the collection and analysis of surface water and sediment samples.

The ER survey consisted of soundings and profiles. A 60-foot

sounding was performed north of the landfill area along Southshore Road.

The sounding data showed three stratigraphic units which correlate with

the data from drilling log MD3-6. The profile data showed an area of

4-6



low resistivity in the south-southwest portion of the site, which was

probably due to the high conductivity of brackish water introduced by

the drainage ditches.

One monitoring well, MD3-6, was installed upgradient at Site No. 3.

Boring log data for MD3-6 showed sandy materials overlying clayey

materials. Visual examination of cuttings and split spoon samples, and

monitoring with an HNU organic vapor detector, did not reveal the pres-

ence of any contaminants.

Groundwater levels were measured in October 1986 and in August 1987

and are given below (in feet, MSL) for all wells at Site No. 3. Based

upon these water level measurements, groundwater flow direction is to

the south-southwest (Figure 4.3).

August 1987

October 1986 High Tide Low Tide

MD3-1 1.63 1.26 1.28

MD3-2 1.58 0.97 0.89

MD3-3 2.48 1.88 1.95

MD3-6 3.56 2.59 2.64

In the first field sampling, four groundwater and five surface

water samples were analyzed for purgeable halocarbons, purgeable

aromatics, base/neutral and acid extractable organics, and metals. All

analytical results including field measurements for water samples at

Site No. 3 are given in Table 4.2. Two base/neutral and acid extract-

able compounds were reported for all four groundwater samples at Site

No. 3. Bis(2-ethylhexyl)phthalate was reported at levels ranging from

45 ug/L to 740 ug/L and di-n-butyl phthalate was found at levels ranging

from 53 ug/L to 67 ug/L. No other organic contaminants were found in

groundwater samples, and no organic compounds were detected in surface

water samples. The metals scan detected the presence of various metals

in all water samples (Table 4.2). As indicated by high sodium and

magnesium levels, and conductivity values ranging from 8,100 umhos/cm to

16,640 umhos/cm in all but one sample, most of the groundwater and

surface water at Site No. 3 is directly affected by brackish water in

the tidally influenced ditches.
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Sediments were collected from seven locations at Site No. 3 (Figure

3.4) and analyzed for volatile organics, semivolatile organics, and EP

toxicity metals. Table 4.3 gives the results of chemical analyses of

sediment samples from Site No. 3. Arsenic EP toxicity was reported at

0.01 mg/L at location SD-3 and at 0.03 mg/L at location SD-6. Selenium

EP toxicity was reported at 0.01 mg/L at location SD-4 and at 0.02 mg/L

at location SD-6. No other metals or organic compounds were detected in

the sediment samples.

A second field investigation was conducted at Site No. 3 in August

19 8 7, which consisted of the collection and analysis of groundwater and

surface water samples and measurement of water levels in the four mon-

itoring wells at high tide and low tide events. The four monitoring

wells, MD3-1, MD3-2, MD3-3 and MD3-6, and surface water stations MD3-

SW1, MD3-SW2, MD3-SW3, MD3-SW4 and MD3-SW5 were sampled and analyzed for

base/neutral and acid extractable organics. No compounds were detected

in these samples.

4.1.3 Past Landfills (Site Nos. 5-8)

The initial field investigation program at Site Nos. 5-8 included

the installation of two upgradient monitoring wells, the sampling of

these two new wells and four existing wells, and the collection of

surface water and sediment samples from five locations.

Two monitoring wells were installed along the north side of South-

shore Road upgradient of the old landfill areas. Well MD58-5 was

drilled to a deptn ot 22 feet, and well MD58-6 was drilled to a depth of

10 feet. Both wells were completed in the sandy materials of the sur-

ficial aquifer. Visual examination of samples and cuttings, and

monitoring with the HNU organic vapor detector during drilling, did net

reveal the presence of any contaminants.

Groundwater levels were measured in October 1986, January 1987 and

again in August 1987. Water level elevations are given below (in feet,

MSL) for all wells at Site Nos. 5-8.

January 1987 August 1987
October 1986 High Tide Low Tide High Tide Low Tide

MD58-1 1.34 1.75 0.99 1.56 0.86
MD58-2 1.59 1.45 0.88 -- 0.66
MD58-3 1.94 2.08 2.01 1.75 1.68

MD58-4 1.95 2.32 2.28 1.98 1.90
MD58-5 1.88 4.23 3.93 2.80 2.67
MD58-6 4.58 5.23 5.14 4.25 4.17

4-13



TABLE 4.3
SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR

SEDIMENT SAMPLES FROM SITE NO. 3
OCTOBER 1986

Volatile Organics Semivolatile Organics Metals
Sample (SW 5030/8240) (SW 3550/8270) (SW 1310/6010, SW 7471)

Identifier (mg/kg dry weight) (mg/kg dry weight) (mg/L)

DK MD3-SD1 ES ND ND NDa

DK MD3-SD2 ES ND ND ND

DK MD3-SD3 ES ND ND Arsenic - 0.01

DK MD3-SD4 ES ND ND Selenium - 0.01

DK MD3-SD5 ES ND ND ND

DK MD3-SD6 ES ND ND Arsenic - 0.03
Selenium- 0.02

DK MD3-SD7 ES ND ND ND

ND - Not detected.

a - Average of analyses of a field sample and an internal duplicate (QC) sample.
b - To meet the target detection limits, three metals were analyzed by graphite

furnace AAS instead of ICPES: As (SW7060), Se (SW7740), Pb (SW7421).
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Based on the above water level measurements, general groundwater flow at

this site is south towards the mangrove swamps and Tampa Bay (Figure

4.4). Groundwater flow directions and gradients are influenced by tidal

changes. Extremely high or low tides will cause even greater disrup-

tions to this system.

Groundwater and surface water samples from the first investigation

were analyzed for purgeable halocarbons, purgeable aromatics, base/

neutral and acid extractable organics, and metals. The results of these

analyses are given in Table 4.4 along with the results of field

analyses. Water from well MD58-4 showed the presence of purgeable

halocarbons and purgeable aromatics that were confirmed by second-column

GC analyses. These were: chlorobenzene at 4.4 to 5.3 ug/L,

1,4-dichlorobenzene at 2.2 to 12 ug/L, benzene at 33 to 45 ug/L, and

1,1-dichloroethane at 1.4 ug/L. Base/neutral and acid extractable

organics were reported for all samples except those from surface water

stations SW-1 and SW-3 (see Figure 3.5). Bis(2-ethylhexyl)phthalate was

reported in levels ranging from 100 ug/L to 500 ug/L in groundwater

samples, and at 23 ug/L in two surface water samples. Di-n-butyl-

phthalate was reported in both groundvater and surface water samples in

levels ranging from 4 ug/L to 41 ug/L. The metals scans revealed the

presence of various metals in the water samples (see Table 4.4). Field

analyses showed pH in groundwater ranging from 5.5 to 6.7 and in surface

water ranging from 6.9 to 8.0. Conductivities of groundwater samples

ranged from 200 umhos/cm to 8200 umbos/cm, and conductivities of all

surface water samples were above 20,000 umhos/cm. High conductivity

readings, plus high sodium and magnesium levels in the surface water and

two groundwater samples (MD58-1, MD58-2), indicate that this site is

affected by the brackish water in the tidal creeks draining the site.

Sediment samples from Site Nos. 5-8 were analyzed for volatile

organics, semivolatile organics, and EP toxicity metals. The results of

analyses on sediments from Site Nos. 5-8 are giyen in Table 4.5. No

compounds were found in these samples above the detection limits.

The second field investigation at Site Nos. 5-8 was conducted in

August 1987 and consisted of the collection and analysis of a second

round of samples from the surface water stations and the groundwater

4
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TABLE 4.5
SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR

SEDIMENT SAMPLES FROM SITE NO. 5-8
OCTOBER 1986

Volatile Organics Semivolatile organics Metals
Sample (S4 5030/8240) (SW 3550/8270) (SW 1310/6010, sw 7 47 1) a

Identifier (mgfkg dry weight) (mg/kg dry weight) (nig/L)

PL MD58-SD1 ES ND ND ND

PL MD58-SD2 ES ND ND ND

PL MD58-SD3 ES ND ND ND

PL MD58-SD4 ES ND ND ND

PL MD58-SD5 ES ND ND ND

ND - Not detected.

a - To meet the target detection limits, three metals were analyzed by graphite
furnace AAS instead of ICPES: As(SW7060), Se(SW7740), PbCSW7421).
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monitoring wells. These samples were analyzed for purgeable

halocarbons, purgeable aromatics, and base/neutral and acid extractable

organics. Again, water from well MD58-4 showed the presence of purge-

able halocarbons and purgeable aromatic organics: carbon tetrachloride

at 9.4 ug/L, 1,4-dichlorobenzene at 16 ug/L, 1,1-dichloroethane at 1.7

ug/L, benzene at 11 ug/L and chlorobenzene at 9.4 ug/L. In addition,

chloromethane was reported at 1.7 ug/L in well MD58-1 and 4.5 ug/L in

well MD58-3. No other purgeable halocarbons or purgeable aromatic

organics were found in water samples from the other monitoring wells and

no base/neutral and acid extractable organics were found in the ground-

water samples or surface water samples. The sample from surface water

station MD58-SW1 showed 1,1-dichloroethane at 2.1 ug/L. Chloromethane

was reported for surface water sampling stations MD58-SW4 and MD58-SW5

at concentrations of 10 and 9.7 ug/L respectively. No other purgeable

halocarbons or purgeable aromatic organics were detected in any surface

water station samples.

4.1.4 Recent Landfill (Site No. 9)

The initial field investigation at Site No. 9 included an ER

survey, the installation of four monitoring wells, and the collection

and analysis of six groundwater samples and two surface water and

sediment samples. .The ER survey consisted of one sounding and several

profiles around the landfilled area. The ER sounding was inconclusive

in distinguishing between the various subsurface materials. The ER

profiles showed areas of low resistivity near the creek boundaries and

the tidal pond. These values are interpreted as being high conduct-

ivities associated with the brackish surface waters.

Four monitoring wells were installed at Site No. 9, ranging in

depth from 9 feet to 14 feet. The borings encountered sandy materials

overlying clayey materials. All wells were completed in the sandy

materials of the surficial aquifer. Visual examination of samples and

cuttings, and monitoring with the HNU organic vapor detector during

drilling did not reveal the presence of any contaminants.

Groundwater levels were measured in existing wells MD9-2 and MD9-3

plus the four new wells in October 1986, in January 1987 and again in

August 1987. Monitoring well MD9-1, installed during the Phase II,

Stao, 1 effort, could not be found and was presumed destroyed. Water

level elevations are given below (in feet, MSL).

4-22



January 1987 August 1987

October 1986 High Tide Low Tide High Tide Low Tide

MD9-2 3.14 2.52 1.59 2.41 1.15
MD9-3 0.75 -- 1.95 -- 1.77

MD9-4 4.06 5.17 4.94 3.21 3.24
MD9-5 5.11 5.66 5.95 4.29 4.30
MD9-6 5.43 5.97 5.85 4.45 4.43
MD9-7 4.67 5.17 5.02 3.19 3.13

The general groundwater flow direction, based upon these measurements,

is towards the tidal drainage ditch north of Rattlesnake Road and

towards Broad Creek and the Mangrove Swamps (Figure 4.5). A groundwater

mounding is evident in the landfill.

Groundwater and surface water samples collected during the initial

investigation at Site No. 9 were analyzed for purgeable halocarbons,

purgeable aromatics, base/neutral and acid extractable organics, and

metals. Table 4.6 gives a summary of all analyses of water samples at

Site No. 9 plus the results of field analyses. In Well MD9-3 benzene

was found and confirmed at 2.4 ug/L and surface water sample MD9-SW2

showed di-n-butyl phthalate at 3 ug/L. No other organic contaminants

were found in water samples collected during this investigation at Site

No. 9. The metals scan showed the presence of various metals in all

water samples. Conductivities ranged from 2200 umhos/cm to >20,000

umhos/cm, indicating that surface waters and groundwater at Site No. 9

are influenced by the brackish water of the tidal streams.

Sediment samples were collected from two locations in the drainage

canal on the west side of Site No. 9 (Figure 4.5). These samples were

analyze& for volatile organics, semivolatile organics, and EP toxicity

metals. Selenium EP toxicity was reported at 0.01 mg/L at location

SD-I. A summary of chemical analysis results for sediments at Site No.

9 is given in Table 4.7. No other compounds were found in the sediment

J samples.

The second field investigation conducted at Site No. 9 in August

1987 consisted of the collection and analysis of samples from four

surface water stations and six groundwater monitoring wells. These

samples were analyzed for purgeable halocarbons, purgeable aromatics and

base/neutral and acid extractable organics. The only samples with

detectable compounds were groundwater from MD9-3 with benzene at 4.7

ug/L, groundwater from MD9-5 with methylene chloride at 4.8 ug/L, and
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TABLE 4.7
SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR

SEDIMENT SAMPLES FROM SITE NO. 9
OCTOBER 1986

Volatile Organics Semivolatile Organics Metals
Sample (SW 5030/8240) (SW 3550/8270) (SW 1310/6010, SW 7471)

Identifier (mg/kg dry weight) (mg/kg dry weight) (mg/L)

RL MD9-SD1 ES ND ND Selenium - 0.01

RL MD9-SD2 ES ND ND ND

ND - Not detected.

a - To meet the target detection limits, three metals were analyzed by graphite
furnace AAS instead of ICPES: As (SW 7060), Se (SW 7740), Pb (SW 7421).
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surface water MD9-SW2 with chloroform at 0.47 ug/L. No other compounds

were detected in the surface water or groundwater samples.

4.1.5 Chemical Munitions Burial Area (Site No. 11)

The initial field investigation program at Site No. 11 included a

search for information on the chemical munitions burial area, and the

collection and analysis of three surface water and sediment samples.

Information gathered on Site No. 11 indicated that a possible chemical

munitions burial area was formerly located south of Southshore Road,

across from the old SAC Alert Area, near the drainage canal that runs

from north to south (Figure 4.6). A visual inspection of the area and

examination of old aerial photographs did not confirm any location as

the chemical munitions burial area.

Surface water and sediment samples were collected during the

initial investigation from three locations in the suspected area (Figure

4.6). The surface water samples were analyzed for purgeable

halocarbons, purgeable aromatics, base/ neutral and acid extractable

organics, and metals. These results and field analysis results are

given in Table 4.8. No organic contaminants were found in the surface

water samples. Conductivities of all samples were above 20,000

umhos/cm, which along with high sodium levels (5,800 to 8,400 mg/L),

indicated the influence of brackish water in the tidal creek.

The sediment samples were analyzed for volatile organics, semi-

volatile organics, and EP toxicity metals (Table 4.9). Bis(2-ethyl-

hexyl)phthalate was reported at 0.55 mg/kg in sample SD-I and di-n-

butylphthalate was reported at 0.43 mg/kg in sample SD-2. No other

organic compounds or metals were found in these sediment samples.

Additional field work conducted at Site No. 11 during August of

1987 consisted of a geophysical survey in the suspected burial area. A

magnetic survey and an electromagnetic survey were conducted in areas

that were suspected of being disturbed. These areas were identified by

a field reconnaissance and from aerial photographs and maps. Geophy-

sical results were inconclusive in identifying areas of buried metallic

wastes.
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FIGURE 4.6
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4.1.6 Creosote Pit (Site No. 13)

The field investigation program at Site No. 13 included an elec-

trical resistivity (ER) survey, the installation of three monitoring

wells, and the collection and analysis of three groundwater samples.

The ER survey consisted of one sounding and several profiles in the site

area. The ER sounding did not distinguish between the various litho-

logies at Site No. 13. The ER profiles showed areas of low resistivity

southeast of the surface water retention pond and along C Street south

of the Base Exchange Overflow Parking Lot. Monitoring wells MD13-2 and

MD13-3 were located in or near the areas of low resistivity.

Three monitoring wells were i:astalled at Site No. 13 (Figure 4.7).

All three wells were approximately 20 feet deep and were completed

within the sandy sediments of the surficial aquifer. Visual examination

of samples and cuttings, and monitoring with the HNU organic vapor

detector during drilling did not reveal the presence of contaminants.

Groundwater levels were measured in the three new wells during

OcLober 1986. These measurements and the general groundwater flow

direction are shown on Figure 4.7.

Groundwater samples collected from the wells at Site No. 13 were

analyzed for base/neutral and acid extractable organics. Table 4.10 is

a summary of the analyses of water samples and the results of field

analyses at Site No. 13. No organic compounds were found in the ground-

water samples. Field analysis results of groundwater sampled show pH

ranging from 5.5 to 5.9 and specific conductivity zanging from 149 to

273 umhos/cm. This site is apparently not affected by brackish tidal

water.

4.1.7 Fuel Tank Farm (Site No. lf)

The initial field investigation program included the collection and

analysis of surface water and sediment samples from six locations within

drainage ditches at Site No. 16 (Figure 4.8). The surface water samples

were analyzed for purgeable halocarbons, aromatic volatile organics

(including xylenes), 1,2-dibromoethane (FDB), petroleum hydrocarbons,

and lead. Table 4.11 is a summiry of the surface water analytical

results including field analyses. Chloroform was found and co.ifirmed at

0.6 ug/L in surface water sample MD16-SW5. No other organic compounds

were found in the water samples. Lead was found in all surface water
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TABLE 4.10

SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR
GROUNDWATER SAMPLES FROM SITE NO. 13

OCTOBER 1986

PART A: LABORATORY RESULTS

Base/Neutral and Acid

Extractable Organics (E625)

Sample Identifier (ug/L)

CP MD13-1 GW ES ND

CP MD13-2 GW ES ND

CP MD13-3 GW ES ND

ND - Not detected.

PART B: FIELD MEASUREMENTS

Conductivity Temperature
Site No. 13 pH (umhos/cm) (OC)

CP MD13-1 GW ES 5.9 149 28

CP MD13-2 GW ES 5.5 273 27
CP MD13-3 GW ES 5.7 176 27
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samples, ranging in concentration from 0.01 mg/L to 0.06 mg/L. Field

analysis results of samples showed pH ranging from 7.2 to 7.6 and

specific conductivity ranging from 2790 umhos/cm to >20,000 umhos/cm.

The high conductivity readings indicated the presence of brackish waters

due to the tidally influenced drainage canals.

Six sediment samples were collected from locations at Site No. 16

(Figure 4.8) and analyzed for volatile organics, petroleum hydrocarbons,

and lead. Table 4.12 summarizes the sediment analysis results. Sedi-

ment sample MD16-SD5 showed petroleum hydrocarbons at 2.6 mg/kg. Lead

was found in all sediment samples from 10 mg/kg to 100 mg/kg.

4.1.8 Drum Storage Area (Site No. 17)

The initial field investigation program at Site No. 17 included the

installation of one monitoring well, and the collection of three ground-

water samples, one surface water sample, and three sediment samples.

Monitoring well MD17-3 was installed upgradient at Site No. 17

(Figure 4.9). The well was completed to a depth of 20 feet within the

sandy sediments of the surficial aquifer. Visual examination of samples

and cuttings, and monitoring with an HNU organic vapor detector, did not

reveal the presence of any contamination.

Groundwater levels measured during October 1986 and August 1987 are

listed below. Based upon these measurements, ground water flow is to

the south.

October 1986 August 1987

MD17-1 5.86 5.95

MD17-2 5.97 6.13

MD17-3 7.71 7.84

MD17-4 -- 5.58

Groundwater and surface water samples from the initial investiga-

tion were analyzed for purgeable halocarbons, pu-geable aromatics, base/

neutral and acid extractable organics, and four metals (lead, cadmium,

zinc, and chromium). Table 4.13 summarizes the chemical analysis

results of water samples from Site No. 17. Purgeable halocarbons were

found and confirmed in groundwater sample MD17-1 in the following

concentrations: chloroform was found at 0.4 ug/L, 1,1-dichloroethane
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TABLE 4.12
SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR

SEDIMENT SAMPLES FROM SITE NO. 16
OCTOBER 1986

Volatile Organics Petroleum Hydrocarbons Lead
Sample (SW 5030/8240) (SW 3550/E 418.1) (SW 3050/7420)

Identifier (mg/kg dw) (mg/kg dw) (mg/kg dw)

FT MD16-SD1 ES ND ND 10

FT MD16-SD2 ES ND ND 35

FT MD16-SD3 ES ND ND 1 a

aFT MD16-SD4 ES ND ND 11

FT MD16-SD5 ES ND 2.6 100

FT MD16-SD6 ES ND ND 51

ND - Not detected.
a - Average of analyses of a field sample and an internal duplicate (QC)

sample.
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was found at 110 ug/L, 1,2-dichloroethane was found at 2.3 ug/L, 1,1-di-

chloroethene was found at 7.0 ug/L, and 1,1,1-trichloroethane was

reported at 8.8 ug/L. Benzene was also found and confirmed in ground-

water sample MD17-1 at 0.9 ug/L. Other organics were reported in

groundwater samples MD17-1 and MD17-2 in the following concentrations:

bis(2-ethylhexyl) phthalate was reported at 130 ug/L in sample MD17-1

and at 210 ug/L in sample MD17-2, di-n-butyl phthalate was reported at

25 ug/L in sample MD17-2. Lead was found at 0.03 mg/L in surface water

sample MD17-SW3. Field analysis results indicated pH ranging from 5.0

to 6.1 and specific conductivity ranging from 60 umhos/cm and 302

umhos/cm. Based on conductivities, groundwater at this site is not

influenced by brackish tidal water.

Three sediment samples were collected at Site No. 17 (Figure 3.10)

and analzed for volatile organics, semivolatile organics, and four

metals (lead, cadmium, zinc, and chromium). Table 4.14 gives the

results of chemical analyses of sediment samples from Site No. 17. All

sediment samples contained various metals at concentrations above the

method detection limits. No organic compounds were detected in the

sediment samples.

The second field investigation at Site No. 17 included the instal-

lation of one additional groundwater monitoring well and the collection

and analysis of four groundwater samples and two surface water samples.

The new monitoring well, MD17-4, was installed at the southern edge of

the site in the surficial aquifer. The well was completed at a depth of

17.5 feet in sandy sediments. Surface water and groundwater samples

were analyzed for purgeable halocarbons, purgeable aromatics, and base/

neutral and acid extractable organics. One groundwater sample that

showed compounds at detectable levels was the groundwater sample from

well MD17-1: 1,1-dichloroethane at 22 ug/L, 1,2-dichloroethane at 0.32

ug/L, 1,1-dichloroethylene at 61 ug/L and methylene chloride at 0.62

ug/L. Additionally, Well Nos. MD17-2, 17-3 and 17-4 reportedly had

conc2ntrations of methylene chloride of 0.72, 0.66 and 0.59 ug/L res-

p.ctively. One surface water sample, MD17-SW4, had levels for methylene

chloride of 1.1 ug/L and of chloromethane of 4.6 ug/L.
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TABLE 4.14
SUMMARY OF CHEMICAL ANALYSIS RESULTS FOR

SEDIMENT SAMPLES FROM SITE NO. 17
OCTOBER 1986

Metals
Volatile Organics Semivolatile Organics (SW 3050/7420,

Sample (SW 5030/8240) (SW 3550/8270) 7130, 7950, 7190)
Identifier (mg/kg dry weight) (mg/kg dry weight) (mg/kg dry weight)

DS MD17-SD1 ES ND ND Lead - 30
Cadmium - ND

Chromium - 4.3
Zinc - 5.5

DS MD17-SD2 ES ND ND Lead - 25 a

Cadmium - 0 .3 3a

Chromium -
9.7

Zinc - 3 0 a

DS MD17-SD3 ES ND ND Lead - 23
Cadmium - 0.67

Chromium - 25

Zinc - 43

DS MD17-SD4 ND Pyrene - 0.58 Lead - 46

(Duplicate of Bis(2-ethylhexyl) Cadmium - 0.31
MD17-SD1) phthalate - 0.69 Chromium - 11

Zinc - 33

ND - Not detected.

a - Average of analyses of a field sample and an internal duplicate (Qc)
sample.
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4.1.9 Fire Training Areas (Site No. 23)

The field investigation program at Site No. 23 included electrical

resistivity (ER) surveys at both the Active and Inactive Fire Training

Areas, the drilling and installation of three wells into the Upper

Floridan Aquifer and eight monitoring wells into the surficial aquifer,

an aquifer pumping test in the surficial aquifer including the installa-

tion of a shallow observation well, and the collection and analysis of

17 groundwater samples.

The ER survey at the Active Fire Training Area included a sounding

and profiles. The sounding, performed east of the active fire pit

across the taxiway, did not identify stratigraphic changes although a

possible solution cavity or fracture zone was interpreted to exist at

approximately 42 feet below ground surface. Profiles at this site show

areas of low resistivity to the south and west of the burn pit. Wells

MD23-8 and MD23-9 were installed in these areas to confirm or deny the

presence of contaminants. Well MD23-10 was installed in an area of low

resistivity east of the burn pit for the same purpose.

The ER survey at the Inactive Fire Training Area also included a

sounding and profiles. This sounding also was not conclusive in dis-

tinguishing between stratigraphic layers. The profile data indicated

areas of low resistivity to the south and southwest of the burn pit.

Wells MD23-'2 and MD23-13 were installed in these areas.

Eleven new monitoring wells were installed at Site No. 23. Eight

of these wells were completed in the sandy sediments of the surficial

aquifer, four around each burn pit. Wells MD23-7, -8, -9, and -10 were

installed around the Active Fire Training Area (Figure 4.10). Wells

MD23-11, -12, -13, and -14 were installed around the Inactive Fire

Training Area (Figure 4.11). These wells range in depth from 14 tc 21

feet. Three deeper monitoring wells were completed in the top of the

Floridan Aquifer at depths ranging from 57 to 90 feet. Well MD23-D1 is

upgradient of Site No. 23 and wells MD23-D2 and ?ID23-D3 are each down-

gradient of a burn pit. Boring logs of these deep wells showed sandy

sediments from 15 to 30 feet thick overlying clayey materials. The

clayey materials are 30 to 50 feet thick and overlie a broken limestone.

Visual examination of cuttings and split-spoon samples, and monitoring

with the HNU organic vapor detector during drilling did not reveal the

presence of any contaminants.
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Water levels were measured in the monitoring wells during October

1986 and again in January 1987. Water levels seem to vary daily with

tidal changes and seasonally with precipitation. Tidal variations were

more pronounced in the Floridan Aquifer than in the surficial acuifer.

Water table elevations in feet, MSL, are given below.

January 1987

October 1986 High Tide Low Tide

MD23-1 5.03 6.12 6.15

MD23-2 0.89 1.79 1.81

MD23-3 4.72 5.80 5.77
MD23-4 6.14 7.52 7.39
MD23-5 5.94 7.19 7.09
MD23-6 6.07 7.08 6.88
MD23-7 5.42 7.05 6.95
MD23-8 2.35 2.99 3.00
MD23-9 4.13 5.83 5.87
MD23-10 6.93 8.49 8.32
MD23-11 5.33 6.83 6.82

MD23-12 7.21 8.43 8.30
MD23-13 7.52 8.86 8.67
MD23-14 6.99 8.54 8.39

MD23-15 5.55 7.05 6.96
MD23-DI 2.00 2.93 2.51

MD23-D2 1.76 2.91 2.44
MD23-D3 1.85 2.47 2.45

Figures 4.10 and 4.11 show general surficial aquifer groundwater move-

ment directions based on these measurements at Site No. 23.

An aquifer pumping test was performed at the Inactive Fire Training

Area using well MD23-11 as the pumping well and MD23-15 as the observa-

tion well. The aquifer pumping test results give the average trans-

missivity of the surficial aquifer as 1805 gallons per day per foot
2

(gpd/ft) and the average hydraulic conductivity as 155 gpd/ft . The

storage coefficient was determined to be 0.016. Groundwater flow velo-

cities were calculated using data gathered from the aquifer testing and

the results indicate that velocities are on the order of 0.2 to 0.5 feet

per day in the surficial aquifer near the Inactive Fire Training Area.

Appendix E contains all aquifer pumping test procedures, data, and

interpretation.

All groundwater samples collected from wells at Site No. 23 were

analyzed for purgeable halocarbons, purgeable aromatics, petroleum

hydrocarbons, and lead. Table 4.15 shows the results of analyses for
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Site No. 23. Purgeable halocarbons were found and confirmed in two

wells: MD23-3 had trans-1,2-dichloroethene at 72 ug/L; and, MD23-D2 had

chloroform at 0.4 ug/L. Purgeable aromatics were found and confirmed ir

all existing wells and in one new well (MD23-11). Benzene ranged from

1.7 to 640 ug/L, ethylbenzene from 3.6 to 310 ug/L, and toluene from 1.4

to 29 ug/L. The higher values were found in wells in the active fire

pit. Petroleum hydrocarbons were found in the surficial aquifer at

levels ranging from 0.2 to 22 mg/L and in MD23-D1 at 0.20 mg/L, and

MD23-D3 at 0.12 mg/L. Lead was found in well MD23-1 at 0.01 m,/L. 'Zo

other organic or metal contaminants were found in any samples.

Field analyses for groundwater samples at Site No. 23 are shown on

Table 4.15. Conductivity values ranged from 137 umhos/cm to 570 umhos/

cm in the surficial aquifer samples and from 752 to 867 umhos/cm in the

Floridan Aquifer samples. pH values for the surficial aquifer samples

ranged from 5.9 to 7.1; the Floridan Aquifer samples showed pH values

from 6.9 to 7.2.

4.1.10 Old Landfill, Avon Park (Site No. AP6)

The field investigation program at Site No. AP6 included the

installation of one monitoring well, the sampling and analysis of three

existing wells plus the new well, and the collection and analysis of

surface water and sediment samples from three locations.

One upgradient monitoring well was installed at Site No. AP6 to a

depth cf 20 feet. The well was completed within the sandy sediments of

the surficial aquifer. Visual examination of samples and cuttings and

monitoring with an HNU organic vapor detector during drilling did not

indicate the presence of contaminants. Groundwater levels were measured

during October 1986 and are shown on Figure 4.12 along with flow

directions.

Groundwater and surface water samples were collected and analyzed

for purgeable halocarbons, purgeable aromatics, base/neutral and acid

extractable organics, petroleum hydrocarbons, and metals (Table 4.16).

Groundwater samples contained organics in the following concentrations:

bis(2-ethylhexyl)phthalate was reported in samples from AP6-1 at 25 ug/L

and in AP6-3 at 32 ug/L, and di-n-butylphthalate was reported in all

four groundwater samples ranging from 5 ug/L to 10 ug/L. Petroleum

hydrocarbons were found in surface water sample AP6-SWI at 0.2 mg/L.

4-51



FIGURE 4.12

E 0

= 0 %L51

0* 0 * .m
z 2 z MiW( U0 9

0 ~ 0 0) we 3:

E1 C C ou 0.2
* C,

wwc

0
-

U-i
zL

cc<

LO
< 1.1

CL Cmi
Z W

LLJ 0

U.-

ot
u

zD
D Lmu

0cc0
I-A

omnu
u

4-52 ES ENGINEERING -SCIENCE



: cc C

Em~ a22

E I 1 1 1a~~~~ - r Z- s r s C-

j',9ec W, 1
0

9 W,0i.

0 >c& 0Z UCC (n~ crV

-C t-

C,- C ' I
%; En C C I E cC D

=. ,c t ,

9 0, E- - r E rr Lcc c

C. t7- c~ . r-C z0 , ccr 0o

E-- z 0 z

9 -

Cc9It c I

r- Lo c

z z:

z ZZ Z z

CC

I c C
co C c-,-

gc v c 3S

AL 
- 4,

Iccr



- .w - - *. ..

5I

4

0
10 r-- UM v0 v, 01

4C ) N N N N N

z z

• - w

cn >- cd{.
00

z 0

C L.)

< co

€/ .-)U) CI U

z4-54

'U.U0

< Lo

L) :

U)w( % OL

0 . . .
k4W %

Ix m)U

toUU)nU

0W
z x

4:-N nv m

V) wo4-5 w



The metals scan indicated the presence of various metals in all water

samples (Table 4.16). Field analyses showed pH of groundwater samples

ranging from 5.5 to 6.3 and for surface water samples ranging from 6.1

to 6.5. Conductivity values of groundwater samples ranged from 111

umhos/cm to 1036 umhos/cm. Conductivity values for surface water

samples ranged from 144 umhos/cm to 177 umhos/cm.

Sediment samples were collected from three locations at Site No.

AP6 (Figure 4.12). These samples were analyzed for volatile organics,

semivolatile organics, petroleum hydrocarbons, and EP toxicity metals.

Table 4.17 is a summary of chemical analysis results on sediments at

Site No. AP6. Di-n-butyl phthalate was found at 0.63 mg/kg in the

sample from location SD-1. No other compounds were found in the

sediments at this site.

4.1.11 Recent Landfill, Avon Park (Site No. AP7)

The field investigation program at Site No. AP7 included the drill-

ing and installation of an upgradient monitoring well, and the collect-

ion and analysis of groundwater samples from three existing wells plus

the new well. The new monitoring well was installed upgradient of the

site (Figure 4.13) at a depth of 20 feet in the sandy sediments of the

surficial aquifer. Visual examination of cuttings and split spoon

samples, and monitoring with an HNU organic vapor detector during

drilling, did not reveal the presence of any contaminants. Groundwater

elevation measurements were made during October 1986 and are shown on

Figure 4.13 along with groundwater flow directions.

Groundwater samples were collected from the four wells and analyzed

for purgeable halocarbons, purgeable aromatics, base/neutral and acid

extractable organics, petroleum hydrocarbons, and metals (Table 4.18).

Bis(2-ethylhexyl) phthalate was found in sample AP7-2 at 26 ug/L, in

sample AP7-3 at 71 ug/L, and in sample AP7-4 at 15 ug/L. Various metals

I $were found in all samples (Table 4.18). No other compounds were found

in samples collected at Site No. AP7. Field analyses results show pH

ranging from 6.0 to 6.4 and conductivity values ranged from 232 umhos/cm

to 449 umhos/cm.

4.1.12 Army Test Area, Avon Park (Site No. AP9)

The field investigation at Site No. AP9 consisted of the collection

and analysis of ten shallow soil samples. The samples were collected at
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a depth of 0.5 feet at various locations within the grassy areas of the

auxiliary airfield (Figure 4.14). The samples were analyzed for

2,3,7,8- TCDD (dioxin) and chlorinated herbicides (Table 4.19). No

compounds were detected in the samples from Site No. AP9.

4.2 CRITERIA FOR DETERMINING SIGNIFICANCE OF RESULTS

The presence of contaminants in the environment due to past waste

handling or disposal practices does not mean the contaminants pose a

significant (unacceptable) threat to human health or the environment.

To ensure that resources for further investigation and remedial actions

are efficiently committed, priorities must be established based on

estimates of risk to human health and the environment. The objective of

this subsection is to present criteria and standards for determining the

significance of the results presented in Subsection 4.1, so that more

accurate estimates of risk can be made. Where applicable regulatory

standards and guidelines exist, these are used as the criteria for

determining significance. Where such regulations do not exist, estab-

lished scientific principles must be used to develop criteria for deter-

mining the significance of contaminants detected.

4.2.1 Established Criteria for Surface Water

The State of Florida has established general classes of surface

water for which water quality criteria are available (Florida

Administrative Code (FAC), Section 17-3). For the MacDill AFB and Avon

Park AFR Phase II, Stage 2 study, the water quality criteria for three

classes are applicable:

1. General - includes all surface waters except within zones of
mixing,

2. Class II - surface waters for shellfish propagation or
harvesting, and

3. Class III - surface waters for recreation, propagation and
maintenance of a healthy, well-balanced population of fish and
wildlife.

The surface waters of the State of Florida are classified in FAC

Section 17-3.161. At MacDill AFB, Class II waters lie along the

southern shore of the peninsula from Gadsden Point west to the base

boundary and landward to the mean high tide line. As shown on Figure

4.15, Class II waters lie near Sites 3, 9, 5-8, 11, and 16. All other
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TABLE 4.19
SUMMARY OF CHEMICAL ANALYSIS RESULTS

FOR SURFACE SOILS SAMPLES FROM AVON PARK SITE NO. AP9
OCTOBER 1986

2,3,7,8-TCDD
Dioxin Chlorinated Herbicides

(SW 8280) (SW 3550/8150)

Sample Identifier (mg/kg) (mg/kg dry weight)

AA AP9-SS1 ES ND ND

AA AP9-SS2 ES ND ND

AA AP9-SS3 ES ND ND

AA AP9-SS4 ES ND ND

Aa
AA AP9-SS5 ES ND ND

AA AP9-SS6 ES ND ND

AA AP9-SS7 ES ND ND

AA AP9-SS8 ES ND ND

AA AP9-SS8 ES ND ND

AA AP9-SS1 ES ND ND
SAA AP9-SS11 ES ND ND

(Duplicate of AA AP9-SS8)

ND - Not detected.
a - Average of analyses of a field sample and an internal duplicate

(QC) sample.
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surface waters at MacDill AFB and at Avon Park AFR are Class III. The

Florida water quality criteria applicable to parameters detected in

surface water samples from this Phase II, Stage 2 study are listed in

Table 4.20.

In addition to the State of Florida criteria, the U.S. Environ-

mental Protection Agency (EPA) has established criteria for 64 pollutant

compounds or categories (EPA, 1980). The EPA water quality criteria

applicable to parameters detected in surface water samples from this

study are listed in Table 4.21. The EPA criteria are useful to evaluate

potential risk to freshwater and saltwater life and to human health, but

the criteria have no regulatory effect at this time.

The criteria listed in Tables 4.20 and 4.21 are applied in Section

4.3 of this report to determine the significance of contaminant levels

detected in surface water samples from MacDill AFB and Avon Park AFR.

These criteria are not applicable to some metals detected in surface

water samples, nor to contaminant levels measured in soils and stream

sediments. Criteria for these metals and other contaminants are

developed in subsection 4.2.3.

4.2.2 Established Criteria for Groundwater

The State of Florida has established various classes of groundwater

(FAC, Section 17-3.403). All groundwater units sampled during the Phase

II, Stage 2 study are considered Class G-II, potable water containing

less than 10,000 mg/L dissolved solids. However, the surficial aquifer

is not currently used as a drinking water supply on or near MacDill AFB.

Also, as indicated in Section 2.6, groundwater in the Upper Floridan

Aquifer beneath MacDill AFB is affected by salt water intrusion. Above

10,000 mg/L dissolved solids, Class G-III criteria would apply, but the

three wells drilled into the Upper Floridan for the Phase II, Stage 2

study apparently did not penetrate deeply enough to intersect ground-

water containing greater than 10,000 mg/L dissolved solids. Many of the

groundwater samples did contain mixtures of fresn water and salt water,

with high conductivities suggesting dissolved solids levels in excess of

5,000 mg/L. Therefore, the use of Class G-II water quality criteria is

probably conservative.

The State of Florida has established general criteria for all

groundwater (FAC, Section 17-3.402) and additional criteria for Class
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G-II groundwater (FAC, Section 17-3.404). The general criteria state

that groundwater shall be free of contaminants resulting from man-made

discharges that:

1. Are harmful to plants, animals, or organisms in soils,
2. Are carcinogenic, mutagenic, teratogenic, or toxic to humans,
3. Are acutely toxic to indigenous species in surface waters

affected by groundwater borne contaminants,
4. Pose a serious danger to public health, safety, or welfare,
5. Create or constitute a nuisance, or
6. Impair the reasonable and beneficial use of adjacent water.

The additional criteria for Class G-II groundwater are the primary

and secondary drinking water standards established in FAC Section 17-

22.104. These additional criteria are listed in Table 4.22 for param-

eters detected in groundwater samples.

An important exception to the criteria in Table 4.22 is given in

FAC Section 17-3.404(2) which states: "If the concentration for any

constituent in the natural unaffected background quality of the ground-

water is greater than the stated maximum, or in the case of pH is also

less than the minimum, the representative background value shall be the

prevailing standard for Class G-II groundwater."

In addition to State of Florida criteria, the EPA (EPA, 1985) has

established or proposed Maximum Concentration Limits (MCL's) and

Recommended MCL's (RMCL's) for several compounds detected in groundwater

samples from MacDill AFB. Both MCL's and RMCL's are applicable to

drinking water supplies, and their use for evaluating groundwater at

MacDill AFB should therefore be conservative. Table 4.23 lists MCL's or

RMCL's that may be used to determine significance of contaminant levels

measured during the Phase II, Stage 2 study.

4.2.3 Development of Additional Criteria

State of Florida or USEPA water quality criteria are not available

for determining the environmental significance of some contaminants

detected in soil or water samples during the Phase II, Stage 2 study at

MacDill AFB and Avon Park AFR. In the absence of any established

criteria, the significance of contaminant levels may be determined by

estimating the potential threat to human health or the environment posed
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TABLE 4.23
EPA MCL AND RMCL FOR SELECTED COMPOUNDS

Compound MCL RMCL

(ug/L) (ug/L)

1,1-Dichloroethylene 7* 7

1,4-Dichlorobenzene 750* 750

Ethylbenzene -- 680*

Toluene -- 2,000*

Xylenes -- 440*

Carbon tetrachloride 5

Chlorobenzene 60

1,1-Dichloroetbane 20

trans-1,2-dichloroethene 70

* Proposed (50 FR 219, Nov. 13, 1985)
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by the contaminants at a particular site. These estimates must consider

the following factors:

o Mobility (migration potential).
o Persistance in the environment.
o Bioaccumulation potential.
o Toxicity (including toxicity of degradation products).
o Environmental setting.
o Environmental loading.

The first four factors listed above are related to the physical and

chemical properties of each individual compound (or a group of closely

related compounds) as determined by its chemical structure. Because

chemical structure is constant and independent of concentration or

environmental setting, it is possible to make general predictions re-

garding a contaminant's mobility, persistence, bioaccumulation

potential, and toxicity under a given set of environmental conditions.

The factors of mobility, persistence, bioaccumulation, and toxicity

are evaluated below for several contaminants detected in water and

sediment samples from MacDill AFB and Avon Park AFR. The iiportance of

the other two factors, environmental setting and environmental loading

(including areal extent, depth, and concentrations of contaminants), are

discussed for each site in Section 4.3.

The contaminants of concern may be divided into two major groups:

metals and organic compounds, which are discussed separately below.

4.2.3.1 Metals

The metals scans of water samples from MacDill AFB and Avon Park

AFR indicated detectable levels of eight elements for which applicable

water quality criteria or action levels are not available. Some of

these are essential to aquatic life -- for example, calcium, magnesium,

potassium, and silica. These elements commonly occur at high concen-

trations in both groundwater and surface water as a result of natural

dissolution of minerals. The remaining four metals, aluminum, boron,

molybdenum and vanadium, are less concentrated in natural waters because

they are either less abundant or the common minerals containing them are

less soluble in water.

The proximity of MacDill AFB to Tampa Bay causes surface waters and

shallow groundwater to be affected to varying degrees by salt water.

Tidally-affected streams have variable salt concentrations depending on
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the tidal stage. Shallow groundwater near the bay will mix with salt

water beneath the land surface as a result of density difference,

dispersion, and fresh water flow into the bay (Cooper et al, 1964).

Further from the bay, shallow groundwater may have increased salinity

from impacts of salt water spray and higher salinity in rain from the

bay. These same factors have little effect on shallow groundwater at

Avon Park AFR due to its greater distance from the coast. Because of

the trace metal content of sea water (Table 4.24), samples of surface

water or groundwater containing more than 10 percent sea water will

generally have higher metal concentrations than fresh water.

The amount of sea water in water samples can be estimated using the

sodium concentration of the sample. Fresh groundwater and surface water

from the Tampa area should have sodium concentrations in the range of 0

to 50 mg/L (Steinkampf, 1983), whereas typical sea water concentrations

of sodium are about 11,000 mg/L (Krauskopf, 1979). Because of this

large range of concentrations, the percentage of sea water in a water

sample can be estimated from its sodium content as follows.

% SW = Na (sample) X 100
11, 000

Using the percentage sea water and the metals concentrations presented

in Table 4.24, the approximate concentration of various metals due to

salt water intrusion can be calculated.

Stream sediment samples from MacDill AFB and Avon Park AFR were

analyzed for extractable priority pollutant metals (Table 3.3). These

metals are naturally occurring in soils at trace levels. Most are toxic

to plants, animals, or man at fairly low concentrations. The primary

health risks associated with these metals are derived from chronic

exposures through ingestion of contaminated food or water, or inhalation

of contaminated dust.

There are no federal or State of Florida standards or guidelines

for metals in soils. In such cases, the normal background level of

individual metals in soils must be considered. Table 4.25 presents

average and range of concentrations for selected metals that occur in

uncontaminated soils from across the United States.
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TABLE 4.24
CONCENTRATIONS OF SELECTED METALS IN SEAWATER

Concentration*
Metal (mg/L)

Aluminum 0.002

Arsenic 0.0004

Barium 0.021

Boron 4.55

Calcium 422

Cadmium 0.0001

Chromium 0.0003

Copper 0.0007

Iron 0.002

Lead 0.00005

Magnesium 1,322

Manganese 0.0002

Mercury 0.00003

Molybdenum 0.005

Potassium 408

Selenium 0.0002**

Silica 4.38

Sodium 11,020

Vanadium 0.003**

Zinc 0.005

* Source: Nordstrom and others, 197), les otherwised noted.

* Source: Krauskopf, 1979.
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TABLE 4.25
TOTAL CONCENTRATIONS OF SELECTED METALS

IN UNCONTAMINATED SOILS

Average Concentration Range of Concentrations

Metal (mg/Kg) (mg/Kg)

Arsenic 6 0.1 - 40

Cadmium 0.5 0.01 - 0.7

Chromium 100 5 - 3,000

Lead 10 2 - 2,000

Selenium 0.2 0.01 - 38

Zinc 50 10 - 300

Source: EPA SW-874 (1980)

Note: Data are for soils distant from known mineral deposits or

contamination sites.
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Unlike organic compounds, metals are not degradable through

biological or chemical actions, and can be considered persistent in the

environment. Aqueous concentrations of metallic species can be changed

through the activity of microorganisms, thereby changing the metal's

mobility. For example, biomethylation of lead and mercury can greatly

increase their mobility by increasing solubility and reducing sorption

potential.

Most of the metals analyzed for the Phase II, Stage 2 and Stage 3

studies have a high potential for bioaccumulation (Versar, 1979). This

factor is important to determining the environmental signficance of

metal concentrations at MacDill AFB, because of the proximity of several

IRP sites to Class II surface water (see Figure 4.15). To assess the

importance of this factor, the concentration of each metal should be

compared with background levels. Those sediments that contain metals

highly elevated above background might pose a threat to aquatic life

because of bioaccumulation. Background levels of metals in sediments

from Tampa Bay are given in Table 4.26.

The mobility of most of the metals analyzed is quite low, with

sorption being the most important process controlling mobility (Versar,

1979). The metals arsenic and selenium, nowever, form readily soluble
3- 2-

anions (AsO4  and SeO 3  ) in oxidizing environments. Comparison of

water samples with soil samples from the same site will indicate whether

metals are mobile within the environmental conditions prevalent at the

site.

4.2.3.2 Organic Compounds

Organic compounds were detected in soil, sediment, and water

samples from MacDill AFB and Avon Park AFR. The significance of levels

of many compounds detected in water samples can be determined using

criteria cited in Sections 4.2.1 and 4.2.2. For two additional

compounds, 1,1-dichloroethane and chlorobenzene, no State of Florida or

federal standards or guidelines exist.

In soil and sediment samples, only bis(2-ethylhexyl) phthalate,

di-n-butyl phthalate, and petroleum hydrocarbons were detected. The

phthalate esters have been determined not to be environmental contami-

nants at these sites as will be discussed later. No Florida or EPA

criteria exist for petroleum hydrocarbons in soils or sediments. The
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TABLE 4.26
RANGES OF METAL CONCENTRATIONS IN TAMPA BAY SEDIMENTS

Metal Total Concentration
(mg/kg)

Arsenic 0.1 - 9.3

Cadmium 0.6 - 3.6

Chromium 60 - 100

Lead 9 - 177

Zinc 31 - 385

Source: Ryan and others, 1986.
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organic compounds which constitute most of the petroleum hydrocarbons

are generally low in toxicity. The primary human health risk is

associated with chronic exposures through ingestion of contaminated food

and water. Most compounds measured as petroleum hydrocarbons are rela-

tively persistent in the environment. Biodegradation is the main elimi-

nation mechanism, but rates are fairly low, especially for cyclic or

aromatic hydrocarbons (American Petroleum Institute, 1986). Complete

biodegradation of petroleum hydrocarbons may require many years or even

decades.

The potential for migration of petroleum hydrocarbons is moderate

to low. Most of the hydrocarbons have negligible water solubilites, low

vapor pressures, and high sorption coefficients. For example, n-decane

(C H 22) , a medium molecular weight hydrocarbon, has a water solubility

of only 0.009 mg/L and a vapor pressure of 2.7 mm Hg at 200 C

(Verschuren, 1983). Its overall soil sorption coefficient (Koc) can be

estimated from its solubility (S, in mg/L) using the following equation

(Lyman and others, 1982).

Log K = -0.55 (Log S) + 3.64oc

The log K of n-decane is thus estimated to be 4.77, indicating a highoc

ratio of amounts adsorbed to amounts dissolved. Other petroleum hydro-

carbons are even less soluble in water and should adsorb more strongly

than n-decane. The generally high sorption potential associated with

petroleum hydrocarbons is the primary reason for concluding their

mobility is low. Further, volatile and other organic contaminants will

generally have lower mobilities, due to sorption or partitioning of

these compounds into the petroleum hydrocarbons coating the soil grains.

The significance of this is in proportion to each organic contaminant's

octanol-water partition coefficient (Kow); greater immobilization

results for compounds with higher values of Kow.

4.2.4 Other Factors Affecting Significance of the Results

A number of surface and groundwater samples from MacDill AFB and

Avon park AFR collected during the first field investigation contained

detectable levels of two phthalate esters: di-n-butylphthalate and

bis(2-ethylhexyl)phthalate. The observation of phthalates at low
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concentrations in environmental samples is not uncommon, and may be a

result of contamination during either sampling or analysis.

A second sampling was conducted at MacDill AFB at sites where the

phthalate esters were detected. Decontamination procedures for sampling

equipment were changed to preclude the potential for introducing these

compounds into the water samples. The water used for decontamination

was ASTM Type II reagent water prepared by the ES laboratory and

analyzed prior to use. The complete decontamination procedure used

during the second sampling was as follows:

o Wash with Alconox detergent and HPLC-grade water.

o Double rinse with ASTM Type II water.

o Rinse with pesticide-grade methanol.

o Rinse with pesticide-grade hexane.

o Air-dry thoroughly and wrap in aluminum foil.

Surface water and groundwater samples were collected at Sites No.

3, Nos. 5 - 8, No. 9, and No. 17 at MacDill AFB in August 1987. These

samples were analyzed for base/neutral and acid extractable organics and

no compounds were found in the samples. The phthalate esters were not

found during this second round of sampling. Therefore, the reported

levels of phthalate esters in the samples from MacDill AFB and Avon Park

AFR are not considered to be representative of actual environmental

levels.

A number of surface and groundwater samples from MacDill AFB

collected during the second field investigation reportedly contained

detectable levels of methylene chloride and chloromethane. Analytical

data analysis reveals that the peak identified as chloromethane appears

on the instrument blank run made during this test series. Due to its

presence in the blank and the absence of chloromethane during earlier

analyses, it is concluded that chloromethane is a laboratory contami-

nant. Similarly the presence of methylene chloride, which was not

detected in the previous sampling (October 1986), is suspected to be a

laboratory contaminant. Under EPA Contract Lab Performance criteria,

trace levels of common laboratory solvents, which include methylene

chloride, are recognized as being analytical contaminants not

necessarily occuring at the site sampled.
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In analyzing water samples with a high salt water content, a posi-

tive matrix interference problem results for metals analysis. Reported

levels of metals in samples with high sodium content may be higher than

actual environmental levels. In this study, therefore, levels of

selenium, arsenic, and lead at sites influenced by tidal mixing may not

be accurate.

4.3 SIGNIFICANCE OF FINDINGS AT INDIVIDUAL IRP SITES

In this subsection, the environmental significance of the analy-

tical results presented in Section 4.1 are discussed, using the criteria

established in Section 4.2. The following are general comments that

pertain to all sites.

The necessity of considering environmental setting and environ-

mental loading when determining significance of contaminant levels at a

site was mentioned in Section 4.2. Many of the water-quality criteria

presented in Section 4.2 have partially incorporated an environmental

loading factor. The environmental setting at MacDill AFB and Avon Park

AFR is another key factor to determining the significance of contami-

nants detected at many of the IRP sites.

As discussed in Section 2, the surficial aquifers at MacDill AFB

and at Avon Park AFR are not used for water supply. In addition, clay-

rich confining units generally separate the surficial aquifers from the

Upper Floridan Aquifer. Thus, although a downward hydraulic gradient

exists, contaminant migration through the confining units should be very

limited. The nearest wells in the Upper Floridan downgradient of

MacDill AFB are to the south and southeast across Tampa Bay. Any

contaminants that enter the Upper Floridan at MacDill AFB will likely be

diluted far below detectable levels prior to reaching the wells. Wells

in the Upper Floridan at Avon Park AFR are closer to the IRP sites, but

the Upper Floridan confining layer in this area is approximately 300

feet thick. Migration of any contaminants that have entered the shallow

aquifer into the Upper Floridan is unlikely. For these reasons, contam-

inants in shallow groundwater at MacDill AFB or Avon Park AFR will not

pose a significant risk to human health.

In contrast, the presence of contaminants at IRP sites in close

proximity to surface water bodies might pose a threat to the
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environment. As stated in Section 2, Sites 3, 9, 5-8, 11, and 16 at

MacDill AFB are adjacent to Class II surface waters. Low levels of some

contaminants in surface water, soils, or shallow groundwater might

threaten these areas, which have been specially designated for shellfish

propagation or harvesting. Some contaminants may also threaten the

Class III waters near other IRP sites, especially where measured concen-

trations in surface water samples exceed the State of Florida criteria.

The following subsections discuss the significance of the Phase II,

Stage 2 findings at each site. A summary of the findings is presented

in Table 4.27.

4.3.1 Former Fuel Storage Area No. 2 (Site B)

No evidence of soil contamination was observed during drilling.

Low levels of c loroform (1.4 ug/L), ethylbenzene (12.0 ug/L), and

xylenes (1.0 ug/L) were detected in the groundwater sample from MDB-2

during the first sampling. Chlorobenzene (1.1 ug/L) and ethylbenzene

(5.3 ug/L) were found in the same well during the second sampling. All

levels were below the EPA RMCL for groundwater as given in Table 4.23.

Other water samples contained low levels of petroleum hydrocarbons and

lead. The levels of petroleum hydrocarbons were well below Florida's

general criterion of 5.0 mg/L for surface waters (FAC/7 - 3.061).

(There is no specific criterion for petroleum hydrocarbons in ground-

water.) The concentration of lead (0.01 mg/L) in well MDB-3 was below

the criterion of 0.05 mg/L for Class G-II groundwater (Table 4.22).

The detection of petroleum hydrocarbons and fuel-related organics

in groundwater suggests that spills or leaks from previous operations at

the site may have occurred. However, the detection of the contaminants

at low concentrations and the fact that local groundwater is not used

for water supply indicate the contaminants pose a negligible threat to

human health. In addition, the site is not close to any surface water

areas that might be adversely affected by discharge of groundwater borne

contaminants.

4.3.2 Landfill at Dog Kennel (Site No. 3)

No evidence of contamination was observed during drilling at this

site, and areas of low resistivity observed in the geophysical survey

were attributed to the influence of brackish water in the ditches around

the site. Conductivities measured in water samples indicate high dis-
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TABLE 4.27
SUMMARY OF FINDINGS BY SITES

Site Significant Results
Number Site Name and Major Conclusions

Site B Former Fuel Storage Fuel related contaminants
Area No. 2 were found at trace concen-

trations in the upgradient
monitoring well. The aban-
doned tanks at this site need
to be addressed (removal or
continued monitoring).

Site No. 3 Landfill at Dog No significant contamination
Kennel (DK) found at this site.

Site No. 5-8 Past Landfills (PL) Purgeable halocarbons and
purgeable aromatics detected
in two groundwater samples
from the same well and one
surface water sample.

Site No. 9 Recent Landfill (RL) Benzene detected and
confirmed in one well and
chromium detected in another
well at the site.

Site No. 11 Chemical Munitions No significant contamination
Burial Area (CM) found at this site. The

reported burial areas have
not been located or inves-
tigated.

Site No. 13 Old Creosote Pit (CP) No contamination found at
this site.

Site No. 16 Fuel Tank Farm (FT) No significant contamination
was found at this site.
Groundwater has not been
investigated.

Site No. 17 Drum Storage Area (DS) Purgeable halocarbons and
purgeable aromatics were
confirmed in one downgradient

well.
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TABLE 4.27
SUMMARY OF FINDINGS BY SITES

(Continued)

Site Significant Results
Number Site Name and Major Conclusions

Site No. 23 Fire Training Area (FA) Purgeable aromatics (fuel
related compounds) were

detected in wells near the
active and inactive burn
pits. Petroleum hydrocarbons
were detected in the

surficial aquifer and in the
Floridan Aquifer.

A possible continuing source
of contamination was
identified.

Site No. AP6 Old Landfill, No significant contamination
Avon Park AFR was found at this site.

Site No. AP7 Recent Landfill, No significant contamination
Avon Park AFR was found at this site.

Site No. AP9 Army Test Area, No contamination was found at
Avon Park AFR this site.
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solved solids occur in both groundwater and surface water at Site No. 3.

The ratio of sodium to potassium concentrations in the water samples

(see data in Table 4.2) suggest the dissolved solids are primarily due

to mixing of freshwater and seawater, rather than leachate from the old

landfill. For example, sample MD3-3 had a Na/K ratio of about 34 which

compares favorably with the Na/K ratio of 27 for seawater (see Table

4.25). Previous studies (EPA, 1975) have shown that a Na/K ratio of

about 2 is common in landfill leachates.

Water samples containing more than 1000 mg/L Na (10% seawater) are

expected to have natural levels of boron, calcium, magnesium, potassium,

and sodium higher than in fresh water. The somewhat elevated levels of

iron, manganese, and aluminum observed are likely due to collection of

unfiltered water samples and subsequent analysis of fine particulates in

addition to dissolved species. In the pH range of 6 to 8 these metals

normally exist as soluble ions at concentrations of only a few tenths of

a milligram per liter, above which they precipitate as oxyhydroxyl-metal

compounds (Hem, 1985). Therefore, these metals are not considered to be

significant contaminants.

Other metals detected in the groundwater samples included arsenic,

lead, vanadium, and selenium. The concentrations of arsenic and lead

did not exceed the Florida Standards for Class G-II Groundwater and are

not considered environmentally significant.

Vanadium (V) was detected in only one sample. Its concentration

was well above the normal maximum of 0.010 mg/L found in most ground-

water and surface waters (Hem, 1970), but it was below the level of 1.0

mg/L recommended to protect plants (NAS/NAE, 1972). No Florida or EPA

criteria for vanadium have been established, although the EPA (48 FR

45502, Oct. 5, 1983) has asked for public comment on the proposed

addition of vanadium criteria to the primary drinking water standards.

Because the detected level was below concentrations that might threaten

the environment, the surficial aquifer is not used as a water supply,

and vanadium did not occur in surface water samples, the level of vana-

dium detected is not considered significant.

The reported concentrations of selenium in water samples from Site

No. 3 are thought to be higher than actual environmental concentrations

since the presence of sea salt causes a positive matrix interference in
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the selenium analysis. Note that selenium was detected only in samples

that contain more than 1,000 mg/L sodium (indicating the sample contains

10% or more seawater). Selenium was not detected in samples that had

little or no seawater. Combined with the fact that groundwater in the

MacDill AFB area is not used for drinking water supply, the probability

that reported selenium values are due to matrix interferences leads to a

conclusion that selenium is not a significant contaminant at Site No. 3.

No volatile organics were detected in the groundwater, surface

water, or sediment samples. Two base/neutral and acid extractable

organics were detected in the first round of groundwater samples,

however. These were bis(2-ethylhexyl) phthalate and di-n-butyl

phthalate. As discussed in Subsection 4.2.4, and based upon the results

of the second sampling, these results are not considered representative

of actual environmental levels of phthalates.

Extractable arsenic and selenium were found in sediment samples at

insignificant levels (0.01 to 0.03 mg/L). No other extractable metals

or organic compounds were found in sediments at Site No. 3.

In summary, no organic compounds or volatile compounds were found

in surface water, sediment, or groundwater samples. The various metals

detected in the media are not considered significant.

4.3.3 Past Landfills (Site Nos. 5-8)

No evidence of contamination was observed during drilling at Site

Nos. 5-8, but the analysis of groundwater samples from the six wells at

Site Nos. 5-8 indicated the presence of organic contaminants. Two base/

neutral and acid extractable organics were found in all groundwater

samples and three of five surface water samples taken during the first

sampling. These compounds are bis(2-ethylhexyl) phthalate and di-n-

butylphthalate. As discussed in Section 4.2.4 and based upon the

results of the second sampling, these contaminants are not considered

present in the environment.

Purgeable halocarbons and purgeable aromatics were detected and

confirmed in well MD 58-4 during both samping rounds. Benzene was found

at 45 ug/L and at 11 ug/L, which are higher than the State of Florida

Criteria for Class G-II groundwater. Carbon tetrachloride was found at

9.4 ug/L which is above the USEPA MCL of 5 ug/L. Other volatile

organics were detected in the same groundwater sample at concentrations
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below State of Florida criteria and below RMCLs or action levels (Tables

4.22 and 4.23) and are not considered environmentally significant.

Also, in surface water station SWi, located in the drainage ditch near

well MD58-1, 1,1-dichloroethane was found at a low concentration, below

RMCLs. No volatile organic compounds were found in any other surface

water or sediment samples at Site Nos. 5-8.

The metals scan of groundwater samples indicated that some salt

water occurs in groundwater from wells MD58-1 and MD58-2, due to tidal

influences. Various metals associated with salt water were found in

these samples (see discussion in 4.3.2). Among other metals detected in

groundwater at this site, iron and manganese were found in some samples

at concentrations above State of Florida criteria for Class G-I ground-

water. However, background concentrations of iron in upgradient wells

are above the criteria and the surficial aquifer is not used as a water

supply source at MacDill AFB. Thercfore, iron and manganese pose no

threat to human health or the environment. Lead and selenium were

reported at concentrations above their applicable criteria (Table 4.22)

in wells MD58-1 and MD58-2, but the high saltwater content in these

samples caused positive matrix interferences in the analysis of these

metals. Therefore, they are not considered significant.

The metals scan on surface water samples at Site Nos. 5-8 detected

concentrations of iron (0.3 to 0.6 mg/L) and selenium (0.07 to 0.08

mg/L) that were slightly higher than the State of Florida criteria for

Class II surface waters. The iron concentrations are very slightly

above the criteria and below background levels in groundwater and will

be diluted even more as they leave the drainage ditch at Site No. 5-8

and enter the mangrove swamp and Tampa Bay. Therefore, these concen-

trations are not considered a threat to the environment. The surface

water at this site is high in saltwater content which causes a positive

matrix interference with the selenium analysis. Therefore, the concen-

tration of selenium found in these samples is not considered

significant.

No extractable metals were detected in the sediment samples at Site

No. 5-8.

In summary, benzene and carbon tetrachloride were detected in

groundwater samples from one well at significant concentrations. No
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other volatile organics were found at significant concentrations in

groundwater, surface water, or sediments. No base/neutral and acid

extractable organic compounds found were attributed to contamination of

water or sediments at the site. No metals were detected in any samples

at concentrations that are considered significant.

4.3.4 Recent Landfill (Site No. 9)

No evidence of contamination was observed during drilling at this

site and low resistivity areas identified by geophysical methods were

attributed to brackish water in creeks and tidal ponds.

Six wells were sampled and analyzed during both rounds of sampling.

Two surface water samples were obtained during the first round and four

surface water samples were obtained during the second round. Organic

compounds were found in groundwater samples from one well (both rounds

of samples) and in one surface water sample. The water sample from well

MD9-3 contained low concentrations of benzene (2.4 ug/L and 4.7 ug/L),

but these concentrations exceed the State of Florida criteria for Class

G-II groundwater. Chloroform was found at 0.47 ug/L in surface water

from station SW2. This level is below all criteria for surface water.

No base/neutral or acid extractable organics were found in ground-

water, surface water, or sediment samples at significant levels.

In the metals analyses, chromium was detected in one groundwater

sample from well MD9-4 (0.11 mg/L). Additionzfly, vari':z :ther metals

associated with salt water were found in samples from this site (see

discussion in 4.3.2). G~nundwater samples from Site No. 9 contained

levels of iron and reported levels of selenium above the State of

Florida criteria for groundwater. The selenium levels reported were

probably due to the interference from high salt water content of the

samples, which caused a positive matrix interference during analysis.

Surface water sample analysis results showed selenium at concentra-

tions slightly above State of Florida criteria for Class II surface

water. These reported concentrations were probably due to the salt

water content of the sample which causes a positive matrix interference

in the analysis. The selenium levels are not considered environmentally

significant.

Although the concentrations of benzene and chromium are above the

Florida Criteria for groundwater, they are not considered significant
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threats to human health due to the isolated location of this site, the

low concentrations found and the high probability of attenuation in the

surficial aquifer.

4.3.5 Chemical Munitions Burial Area (Site No. 11)

Analysis of three surface water samples from Site No. 11 failed to

detect any purgeable halocarbons, purgeable aromatics, or base/neutral

and acid extractable organics. Elevated sodium levels and Na/K ratios

indicated high levels of seawater in these samples. As discussed

previously, the seawater caused a positive matrix interference during

the analysis of selenium and lead, so that the reported levels of

selenium and lead in water samples are not considered a threat to human

health or the environment.

During analysis of three sediment samples from the site, no vola-

tile organics or extractable metals were detected. Two base/neutral and

acid extractable organic compounds, bis(2-ethylhexyl) phthalate and

di-n-butyl phthalate, were found in the sediment samples at levels of

0.55 mg/kg and 0.43 mg/kg, respectively. As discussed previously, these

results do not indicate significant environmental contamination.

Although no significant contamination was found, the limited number

of samples collected at Site No. 11 was inadequate to establish the

presence or absence of contamination over the entire site. Geophysical

surveys did not identify any potential burial sites at Site 11.

4.2.6 Creosote Pit (Site No.13)

Observations made during drilling at this site did not indicate the

presence of contamination. The ER survey detected several areas of low

resistivity, but none of the groundwater samples taken from monitoring

wells installed in these areas were found to contain base/neutral or

acid extractable organics.

4.3.7 Fuel Tank Farm (Site No. 16)

Analytical results of six surface water and sediment samples from

this site indicated no apparent contamination. Aromatic volatiles, EDB,

and petroleum hydrocarbons were undetectable in all water samples.

Purgeable halocarbons were uniformly undetectable except for one water

sample containing a trace level of chloroform (0.6 ug/L). This concen-

tration of chloroform is not considered significant because the level

was below the applicable criteria.
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Concentrations of lead in surface water samples were below State of

Florida criteria, except for sample SWI. The level of 0.06 mg/L

measured in this sample is probably due to presence of salt water in the

sample, which may have caused a positive matrix interference during

analysis. Sediment samples from the site contained between 10 and 100

mg/kg of lead, which is in the low to normal (background) range for

uncontaminated soils (Table 4.25). The level of petroleum hydrocarbons

in one sediment sample was well below recommended action levels.

However, groundwater at this site has not been investigated. This

should be completed before it is concluded that no significant contami-

nation is present.

4.3.8 Drum Storage Area (Site No. 17)

No evidence of contamination was observed during drilling at this

site. Analysis of groundwater samples and surface water samples

indicated low levels of purgeable halocarbons and purgeable aromatics in

samples from well MD17-1. Benzene was found during the first round of

sampling at 0.9 ug/L which is below the state standard for Class II

groundwater. Also found only during the first sampling round were

chloroform (0.4 ug/L) and 1,1,1-trichloroethane (8.8ug/L), which are

below applicable criteria. Three compounds were found during both

sampling events: 1,1-dichloroethane at 110 ug/L and 22 ug/L; 1,2-

dichloroethane at 2.3 ug/L and 0.32 ug/L; and 1,1-dichloroethylene at 7

ug/L and 61 ug/L. The levels of 1,1-dichloroethane are above the RMCL

of 20 ug/L and the levels of 1,1-dichloroethylene are at or above the

RMCL of 7 ug/L. The levels of 1,2-dichloroethane are below the RMCL of

3 ug/L. In summary, organic halocarbons have been detected and con-

firmed at levels of concern at this site.

Except for phthalate esters in two samples, the analysis results

showed base/neutral and acid extractable organics to be undetectable in

all water samples from the site. The two phthalate esters were bis

(2-ethylhexyl) phthalate (130 to 210 ug/L) and di-n-butyl phthalate (25

ug/L). The compounds were also found in sediments at Site No. 17. As

previously discussed, these results are not considered to be represen-

tative of actual environmental conditions and are therefore

insignificant.
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The metals scan of ground water samples did not indicate any metals

were above the applicable criteria. The sediment samples contained

trace levels of lead, chromium, zinc, and cadmium, but comparison of

these levels with levels in uncontaminated soils (Table 4.5) shows lead

and cadmium are only slightly above average concentraticns, and none of

the metals exceeded the normal range of concentrations. No organic

compounds were detected in sediment samples at significant levels.

4.3.9 Fire Training Areas (Site No. 23)

No evidence of contamination was observed during the drilling and

testing conducted at this site. Analysis of water samples from the 14

wells in the surficial aquifer and the three wells in the Floridan

Aquifer indicated undetectable or insignificant levels of lead. One

groundwater sample (well MD23-3) contained 22 mg/L total petroleum

hydrocarbons, but only two other wells in the surficial aquifer

contained detectable levels (0.20 mg/L and 0.50 mg/L). Two of the three

Upper Florida Aquifer wells at Site No. 23 also contained low, but

measurable levels of petroleum hydrocarbons (0.20 mg/L in MD23-Dl and

0.12 mg/L in MD23-D3). Whether leakage of petroleum hydrocarbons from

the fire training area through the clay-confining layer above the

Florida Aquifer was responsible for this cannot be determined.

Purgeable halocarbons were detected in only one groundwater sample

from well MD23-3. The 72 ug/L of trans-1,2-dichloroethene is above the

RMCL of 70 ug/L. Analysis of purgeable aromatics indicated levels of

benzene in six surficial aquifer wells above the State of Florida

criteria for Class G-II groundwater. Detectable levels of other purge-

able aromatics occurred in all six wells, but the levels are not

significant when compared to applicable EPA criteria (Table 4.23).

Wells MD23-1, MD23-2, and MD23-3 were existing wells within 100 feet ol

the active burn pit, while wells MD23-4, MD23-5 and MD23-6 were existing

wells within the berm of the inactive burn pit. No purgeable aromatics

were detectable in samples from new monitoring wells located more than

100 feet from the burn pits. The lack of detectable aromatics in wells

in the surficial aquifer more than 100 feet from the burn areas indi-

cates these compounds ddy not be migrating laterally from the sites.

However, there is potential for downward migration into the Upper

Floridan Aquifer.

I
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The levels of trans-1,2-dichloroethene and benzene in water samples

from the surficial aquifer exceed applicable criteria for groundwater,

but there is not current or anticipated use of the resource for water

supply. Thus the levels of these compounds in the surficial aquifer do

not appear to pose a significant risk to human health. However, a long-

term potential exists for migration of these compounds into the Upper

Floridan Aquifer, especially if use of the fire training areas

continues. A continuing source of contaminants greatly increases the

potential for migration into the surface water environment and into the

Floridan Aquifer which increases the potential threat to human health

and the environment.

4.3.10 Old Landfill at Avon Park AFR (Site No. AP6)

No evidence of contamination was observed during drilling at this

site. Analysis of four groundwater and three surface water samples

indicated no detectable or significant levels of purgeable halocarbons,

purgeable aromatics, or petroleum hydrocarbons.

Two phthalate esters, bis(2-ethlyhexyl)phthalate and di-n-butyl

phthalate, were found at low concentrations (5 to 32 ug/L) in ground-

water samples at Site No. AP6. For reasons discussed in Section 4.2.4,

these results are not considered representative of actual environmental

conditions and therefore are considered insignificant.

The metals scan for surface water and groundwater samples indicated

no metals present above applicable criteria, except for iron (Fe). Iron

was found in all water samples at levels above the State of Florida

criteria for groundwater and surface water (ranging from 2.6 mg/L to 120

mg/L). The iron level in the upgradient well was 8.8mg/L, and in the

upstream surface water sample was 2.6 mg/L. Iron levels in surface

water leaving the site was found at 3.2 mg/L. Also, iron levels vary

widely in the surficial sand aquifers. However, the level of 120 mg/L

is an anomaly and is not representative of background levels. These

data indicate that iron levels in background samples are above state

standards and surface waters are not being significantly degraded before

leaving the site.

No contaminants were found at levels of concern in sediment samples

from Site No. AP6.
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4.3.11 Current Landfill at Avon Park AFR (Site No. AP-7)

No evidence of contamination was observed during drilling at this

site. Analysis of four groundwater samples indicated purgeable

halocarbons, purgeable aromatics, and petroleum hydrocarbons were

undetectable. Two base-neutral and acid extractable organics were

detected at low levels (7 to 71 ug/L) in three of four groundwater

samples from Site No. AP7. For reasons previously discussed in Section

4.2.4, these results are not representative of actual environmental

conditions and are not considered significant.

The metals scan indicated low and insignificant levels of all

metals except iron. The reported iron levels in all groundwater

samples, including the upgradient sample, were above State of Florida

criteria for Class-II groundwater.

4.3.12 Army Test Area at Avon Park AFR (Site No. AP9)

Analysis of ten soil samples showed no chlorinated herbicides or

dioxin (2,3,7,8-TCDD). The soil analyses results indicate there is no

apparent contamination at the site that might threaten human health or

the environment.
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SECTION 5

ALTERNATIVE MEASURES

This section identifies and discusses the major alternatives for

future activities under the Installation Restoration Program at each of

the sites investigated, based on the results presented in Section 4.

These alternatives can be classified into three categories:

o No further action.

o Additional site investigations (IRP-Phase II, Stage 3).

o Remedial Actions (IRP-Phase IV).

Alternative activities identified within each of these categories are

discussed for individual sites, when appropriate.

5.1 FORMER FUEL STORAGE AREA NO. 2 (SITE B)

Petroleum hydrocarbons, fuel related organic compounds, and lead

were detected at low levels in samples from monitoring wells at the

site. The low contaminant concentrations, the isolated occurrence of

the various contaminants, and the lack of groundwater use at MacDill AFB

suggest that the contamination at Site B would pose little or no threat

to human health or the environment. However, the underground storage

tanks at this site should either be monitored (long term sampling of the

existing wells at this site) or emptied, excavated and removed to

further assure that nothing is leaking from these tanks into the envi-

ronment. Therefore, the alternative of additional investigations is

appropriate for Site B.

5.2 LANDFILL AT DOG KENNEL (SITE NO. 3)

No significant contaminants were found in samples from this site.

Therefore, the no further action alternative is appropriate for Site No.

3.
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5.3 PAST LANDFILLS (SITE NO. 5-8)

The contaminants found at levels of concern at Site No. 5-8 were

volatile organics. Volatile organics, detected and confirmed in two

groundwater samples and one surface water sample, were below all

criteria except for carbon tetrachloride and benzene, which exceeded

MCLs for groundwater. Further investigations should be conducted on the

downgradient side of the site in order to more fully characterize the

site for assessment of risk.

5.4 RECENT LANDFILL (SITE NO. 9)

Analysis of groundwater samples for the two rounds of sampling

confirmed the presence of benzene in Well MD9-3 and chromium in Well

MD9-4 at levels above the MCL for groundwater. However, the surficial

aquifer is not used as a water supply in this area and the contaminants

were not detected in surface waters directly adjacent to the site.

Based on the potential for limited risk from this site, it is recom-

mended that additional sampling be conducted to confirm the presence of

contaminants and a risk assessment be performed to evaluate the need for

additional investigation or remediation.

5.5 CHEMICAL MUNITIONS BURIAL AREA (SITE NO. 11)

This investigation did not confirm the presence of contamination at

Site No. 11. Three surface water and sediment samples were collected

and analyzed from the area around the suspected site. Although the

analysis results did not indicate the presence of any environmentally

significant contaminants at the locations sampled, this evidence is not

enough to adequately characterize the site. Also, geophysical surveys

did not identify areas with buried wastes. Therefore, the no further

action alternative is not appropriate.

The additional investigation alternative is most appropriate for

Site No. 11. Identification of the locations of landfilled materials is

necessary to fully evaluate this site. Areas with buried metallic

wastes should be located and action taken to identify the nature of the

wastes.
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5.6 OLD CREOSOTE PIT (SITE NO. 13)

No contamination was detected in the groundwater at Site No. 13.

fhe alteLnative oL no fuicher a-tions is the appropriate choice.

5.7 FUEL TANK FARM (SITE NO. 16)

Analysis of surface water and sediment samples from Site No. 16

indicated no significant contamination. However, groundwater was not

sampled and analyzed during this investigation. Until the groundwater

has been characterized, the no action alternative is not acceptable for

Site 16. Therefore, the further investigation alternative is

appropriate.

5.8 DRUM STORAGE AREA (SITE NO. 17)

Analysis of samples from both rounds of sampling indicated the

presence of purgeable halocarbons at levels above MCLs in Well MD17-1.

No contaminants were found in the other groundwater samples or surface

water samples. The presence of the these organics above MCLs negates

the no further action alternative. Further investigations should be

conducted to identify the source, to determine the extent of contami-

nation and the potential threat to human health and the environment.

5.9 FIRE TRAINING AREA (SITE NO. 23)

Fuel related organic compounds were detected at levels of concern

in groundwater samples from both the active and inactive fire training

areas. Benzene, toluene and ethylbenzene were detected and confirmed in

the existing wells located in the burn pit areas. The levels of benzene

ranged up to 640 ug/L, ethylbenzene up to 350 ug/L, and toluene up to 29

ug/L. The benzene levels are above State of Florida Criteria. The

lateral extent of these contaminants did not reach any of the new moni-

toring wells except for Well MD23-11 which showed only 1.4 ug/L of

toluene.

The presence of high levels of organic contaminants in the sur-

ficial aquifer negates the no further action alternative. The further

investigation alternative to define the lateral extent of contamination

and to determine the significance of contamination in the Floridan

Aquifer would seem justifiable. Additionally, surface water and
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sediments from drainage ditches around both fire training areas were not

sampled to determine if groundwater moving into the surface water

environment i.z carrying contaminants.

Another alternative is to move directly to site remediation. Based

upon the contamination known to exist, and the potential for surficial

aquifer leakage to the Floridan Aquifer, remedial action will eventually

be necessary to eliminate the contaminant source or reduce the potential

for migration into either the Floridan Aquifer or the surface water

environment. The evidence is sufficient to conclude the remedial action

alternative is most appropriate at Site No. 23.

5.10 OLD LANDFILL, AVON PARK (SITE NO AP6)

No significant contamination was discovered at Site No. AP6.

Therefore, the no further action alternative is appropriate for this

site.

5.11 CURRENT LANDFILL, AVON PARK AFR (SITE NO. AP7)

No significant contamination was detected at Site No. AP7. There-

fore, the no further action alternative is appropriate for this site.

5.12 ARMY TEST AREA, AVON PARK AFR (SITE NO. AP9)

No contamination was detected at Site No. AP9. The no further

action alternative is the appropriate choice for this site.
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SECTION 6

RECOMMENDATIONS

This section presents recommendations for the three categories of

sites at MacDill AFB and Avon Park AFR, based on results of the IRP

Phase II, Stage 1 and Stage 2 investigations. Category I sites are

those for which no further action is required. Data for these sites is

sufficient to conclude that no significant threat to human health or the

environment exists. Category II sites are those which require addi-

tional monitoring or investigation to assess the extent of current or

future contamination. Category III sites are those which will require

remedial actions. Data for these sites is considered sufficient to

characterize the extent of contamination or they indicate an immediate

threat to human health or the environment. Recommendations for the nine

sites investigated at MacDill AFB and the three sites at Avon Park AFR

are summarized in Table 6.1.

6.1 CATEGORY I SITES: NO FURTHER ACTION

No significant contamination was found at several of the sites, as

discussed in Sections 4.0 and 5.0. These sites are not considered to

pose a threat to human health or the environment and require no further

actions. Individual sites included in this category are:

o Landfill at Dog Kennel (Site No. 3)

o Old Creosote Pit, (Site No. 13)

o Old Landfill, Avon Park AFR (Site No. AP6)

o Recent Landfill, Avon Park AFR (Site No. AP7)

o Army Test Area, Avon Park AFR (Site No. AP9)

6.2 CATEGORY II SITES: ADDITIONAL INVESTIGATIONS

Six sites at MacDill AFB fall into Category II and require addi-

tional work to characterize the presence of contamination and the
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potential threat to human health or the environment. At three of these

sites contaminants were found at levels of concern, but the data were

insufficient to determine the extent of contamination. These are Site

No. 5-8, Site No. 9, and Site No. 17. The additional investigations

recommended for these three sites are described below. Three additional

sites were placed in Category II because of the need for additional

information to fully characterize the sites. These sites, Site B, Site

No. 11, and Site No. 16, require additional work also described below.

Table 6.2 summarizes the additional work recommended at these sites.

6.2.1 Site No. 5-8 - Past Landfills

Purgeable organic compounds were detected and confirmed at levels

of concern in samples from well MD58-4 and in surface water sample

MD58-SW1. The source of this contamination should be identified and the

extent of contamination should be defined. Additional investigations

should include the installation of five monitoring wells along the

downgradient side of the landfills (Figure 6.1). These wells should be

completed in the surficial aquifer. One boring should be drilled deeper

into the clay layer (approximately 20 feet into clay) to define its

thickness. This boring should then be backfilled arid completed as a

surficial aquifer well. If the clay layer is thin or absent, this

boring should be completed as a Floridan Aquifer monitoring well with a

surficial aquifer well installed adjacent to it.

The new wells, the existing wells, and the surface water stations

should be sampled and analyzed for purgeable organics.

6.2.2 Site No. 9 - Recent Landfill

Benzene and chromium were detected at levels above MCLs at Site No.

9. Based upon the potential for limited risk, additional work should be

conducted at this site. All existing wells should be sampled and ana-

lyzed for purgeable organics and metals. The surface water should be

sampled at low tide in the creeks on the western, boundary and north of

the landfill (Figure 6.2) and analyzed for the same parameters as the

groundwater samples. Based upon the results of this and past samplings,

the risk to human health and the environment should be assessed.

6.2.3 Site No. 17 - Drum Storage Area

Organic contaminants were detected at levels above MCLs in ground-

water samples from well MD17-1. Additional work should be conducted at
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this site to identify the source of the contaminants, to define the

extent of contamination, and to assess the risk to human health and the

environment. Two monitoring wells should be installed downgradient of

well MD17-1 (Figure 6.3) and completed in the surficial aquifer.

Approximately ten soil borings should be drilled to the water table and

split spoon samples taken in the drum storage area. New and existing

monitoring wells and surface water stations should be sampled and ana-

lyzed for purgeable organics. Soil samples from the ten soil borings

should be analyzed for purgeable organics. The data should be reviewed

and the risk to human health and the environment assessed.

6.2.4 Site B - Former Fuel Storage Area No. 2

Fuel related compounds were found in trace concentrations in

samples from Site B. The levels detected were below applicable stan-

dards and criteria. However, the presence of the abandoned underground

fuel tanks at this site necessitates the need for additional work.

Continued monitoring, semi-annually, should be done while the tanks are

still in place. The five monitoring wells should be sampled and

analyzed for purgeable organics with xylenes, petroleum hydrocarbons,

and lead.

The underground storage tanks should be checked for content,

emptied, excavated, and removed. The soils should be inspected for

visual signs of tank leakage and contamination, sampled and analyzed for

petroleum hydrocarbons.

6.2.5 Site No. 11 - Chemical Munitions Burial Area

The Chemical Munitions Burial Area has not been accurately iden-

tified and waste burial areas located. Additional work needs to be

conducted to identify the area where wastes were dumped, characterize

the wastes, and determine the presence or extent of contamination.

Additional records searches and interviews should be conducted to deter-

mine the location of this site and to identify buried materials. Aerial

photographs, if available, should be reveiwed. A field program should

be proposed based upon the results of the records search and interviews.

6.2.6 Site No. 16 - Fuel Tank Farm

Results of the investigation at Site No. 16 indicated no signifi-

cant contamination is present in the surface water environment around

the site. However, the groundwater system has not been adequately
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investigated. Additional work for this site should include the instal-

lation and sampling of three monitoring wells completed in the surficial

aquifer outside of the berm surrounding the site (Figure 6.4). The

wells should be screened across the water table to intercept any float-

ing contaminants. The samples should be analyzed for purgeable organics

with xylenes and petroleum hydrocarbons.

6.3 CATEGORY III SITES: IRP PHASE IV REMEDIAL ACTIONS

Contamination has been confirmed at Site No. 23 in sufficient

concentraitons to constitute a potential threat to the environment.

Fuel related organics were detected in the groundwater around both fire

pits. The extent of reontamination appears to be well defined, but

continuing sources of contaminants could increase the potential for

further contaminant migration in the surficial aquifer and into the

Floridan Aquifer. For these reasons, Site No. 23 is recommended for

remedial action.

Potential remedial action alternatives for Site No. 23 are identi-

fied in Table 6.3. Appropriate technologies are also identified. Table

6.4 presents a summary and brief description of the technologies and

remedial actions that are considered appropriate for Site No. 23.
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TABLE 6.3
IDENTIFICATION OF

POTENTIAL REMEDIAL ACTIONS

AT SITE 23, FIRE TRAINING AREA
MACDILL AFB

Media Type of Remedial Action Technology

Soil Removal and Treatment/ o Excavation
Disposal o Landfill

o Incineration

o Thermal Processing
o Washing

In-situ Treatment o Biodegradation
o Flushing
o Air Stripping

o Steam Stripping

Containment/Migration o Capping
Control o Solidification

Groundwater Recovery and Treatment o Pumping

o Activated Carbon
o Air Stripping
o Biodegradation
o Treatment at a POTW

Containment/Migration o Impermeable Barriers
Control o Subsurface Trenches
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APPENDIX B

GLOSSARY OF TERMINOLOGY AND ABBREVIATIONS

DEFINITIONS AND NOMENCLATURE

AF: Air Force (U.S. Air Force).

AFFF: Aqueous Film Forming Foam.

AFR: Air Force Range.

ALLUVIUM: Unconsolidated terrestrial sediment composed of sorted or

unsorted sand, gravel, and clay that had been deposited by water.

AQUIFER: A geologic formation, or group of formations, that contains

sufficient saturated permeable material to yield economically sig-

nificant quantities of groundwater to wells and springs.

AROMATICS: Organic chemical compounds having a stable six-carbon ring as

their basic structure, such as benzene, toluene, and xylenes.

ARTESIAN: A condition of confined aquifers in which water levels in

wells rise above the top of the aquifer.

BEDROCK: Any solid rock in place; may be exposed at the surface of the

earth or overlain by unconsolidated materials.

BENTONITE: A clay material, because of its ability to absorb water and

swell, is commonly used for sealing around wells and in drilling muds.

CARBONATE ROCKS: A rock consisting chiefly of carbonate minerals, such

as limestone and dolomite.
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CONFINED AQUIFER: An aquifer bounded by impermeable strata or geologic

units of distinctly lower permeability than that of the aquifer itself.

CONFINING STRATA: A strata of impermeable or distinctly less permeable

material stratigraphically adjacent to one or more aquifers.

CONTAMINANT: As defined by section 104(a)(2) of CERCLA, shall include,

but not be limited to, any element, substance, compound, or mixture,

including disease causing agents, which after release into the envi-

ronment and upon exposure, ingestion, inhalation, or assimilation into

any organism, either directly from the environment or indirectly by

ingestion through food chains, will or may reasonably be anticipated to

cause death, disease, behavioral abnormalities, cancer, genetic

mutation, physiological malfunctions (including malfunctions in repro-

duction) or physical deformation, in such organisms or their offspring.

DARCY'S LAW: An equation describing the flow of fluids in porous media

based on the assumption that the flow is laminar and that inertia can be

neglected.

DOD: Department of Defense.

DOWNGRADIENT: A direction that is hydraulically down slope. The down-

gradient direction can be determined through a potentiometric survey or

through the evaluation of existing water level elevations referenced to

a common datum (mean sea level).

DRAWDOWN: The difference between the static water level and the water

level in a well that is pumped.

dw: Dry weight.

ELECTRICAL RESISTIVITY SURVEY: A surface geophysical survey that indi-

cates the electrical resistance of the earth to conductance of an

induced electrical current. Results can be used to assess subsurface

features such as the continuity of geologic conditions and the depth and

extent of subsurface saturation.
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EVAPOTRANSPIRATION: Evaporation from the ground surface and trans-

piration through vegetation.

FAULT: A fracture or fracture zone in the earth's crust along which

there has been relative displacement.

FRACTURES: A break, rupture, or crack in rock. Can be the result of

joints, faults, folding or any other movement in the rock itself.

GC: Gas chromatograph, an analytical laboratory instrument used for the

quantitation and identification of organic compounds.

GC/MS: Gas chromatograph/mass spectrophotometer, an analytical

laboratory instrument used for the quantitation and identification of

organic compounds.

GROUNDWATER: All subsurface water, especially that part in the zone of

saturation.

HALOGEN: Refers to any one of a group of chemical elements including

fluorine, chlorine, bromine, and iodine.

HALOGENATED ORGANIC: Refers to any organic compound that contains one

or more halogens as a substituent group.

HNU METER: An instrument that detects and quantifies organic vapor.

HYDRAULIC CONDUCTIVITY: Rate of flow of water in gpj through a cross-

section of one square foot under a unit hydraulic gradient (qpd/ft 2).

HYDRAULIC GRADIENT: Rate of change of pressure head per unit of

distance of flow at a given point and in a given direction.

HYDRAULIC HEAD: Energy contained in a water mass, produced by

elevation, pressure and velocity.
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HYDROCARBONS: Organic chemical compounds composed of hydrogen and

carbon atoms. Hydrocarbons may be straight chain, cyclic, branched

chain, aromatic, or polycyclic, depending upon arrangement of carbon

atoms. Halogenated hydrocarbons are hydrocarbons in which one or more

hydrogen atoms has been replaced by halogen atoms.

ICPES: Inductively Coupled Plasma Emission Spectroscopy, an

instrumental analytical method for quantitation of metal elements.

INFILTRATION: The movement of water through land surface into the

ground.

IRP: INSTALLATION RESTORATION PROGRAM. Program instituted by the

Department of Defense to assure compliance with hazardous waste regu-

lations.

JP-4: Jet propulsion fuel number four (contains kerosene and gasoline

fractions, used in most military jet aircraft).

LEACHING: The process by which soluble materials in soils or a landfill

dissolve in water. The resulting leachate may percolate down into lower

layers.

LITHOLOGY: The physical characteristics of a rock.

MAGNETIC SURVEY: A surface geophysical survey that indicates the total

magnetic field intensity of the earth from a given site. Results can be

used to locate subsurface features such as buried metallic objects and

buried waste areas.

MIGRATION (CONTAMINANT): The movement of contaminants, through soil,

water or air. f
MSL: Mean sea level.

B
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NET PRECIPITATION: Mean annual precipitation minus mean annual evapo-

transpiration.

OEHL: Occupational and Environmental Health Laboratory.

ORGANIC: Refers to chemical compounds having carbon atoms as their main

skeletal structure. Most organic chemicals are created by living

organisms or from their remains (such as fossel fuels) and occur

naturally in the environment; other organic chemicals are man-made.

PERMEABILITY: A measure of the relative ease of fluid flow through a

porous medium.

PESTICIDE: A chemical agent used to destroy pests, includes specialty

groups known as herbicides, fungicides, insecticides, rodenticides, etc.

pH: A measure of the acidic or alkaline nature of aqueous solutions,

specifically the negative logarithm of the hydrogen ion concentration.

PIEZOMETRIC SURFACE: The static level of the water in an aquifer; the

surface to which water in an aquifer will rise under its full head.

POROSITY: The percentage of the total volume of a rock that is pore

space (not occupied by mineral).

PRECIPITATION: Rainfall and snowfall.

QA/QC: Quality assurance and quality control.

RCRA: Resource Conservation and Recovery Act.

RzCz! J u i-vidAals or groups of organisms or resources that axe

potentially affected by a contamination source.

RECHARGE AREA: The part of an aquifer that receives water by

infiltration of surface water, precipitation, or an overlying aquifer.

Recharge areas may be natural or manmade.
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RECHARGE: The addition of water to the zone of saturation by natural or

artificial processes.

SAC: Strategic Air Command.

SATURATED ZONE: That part of the earth's crust in which all voids are

filled with water.

SEDIMENTARY ROCKS: Rocks formed by the consolidation of loose sediments

that have accumulated in layers.

SPECIFIC CAPACITY: The rate of discharge of a water well per unit of

drawndown, commonly expressed in gpm/ft or m 3/day/m.

STATIC WATER LEVEL: The level of water in a well that is not being

affected by withdrawal of groundwater.

STRATUM: A single and distinct layer of homogeneous or gradational

sedimentary material (consolidated rock or unconsolidated earth) of any

thickness, visually separable from other layers above and below by a

discrete change in the character of the material deposited or by a sharp

physical break in deposition, or by both.

TOC: Total Organic Carbon.

TOX: Total Organic Halides.

TRANSMISSIVITY: A measure of an aquifer's capability to yield water;

the rate at which water is transmitted through a unit width of aquifer

under a unit hydraulic gradient.

TREMIE PIPE: A small-diameter pipe inserted into the well annulus,

through which well construction materials are introduced.

UNCONFINED AQUIFER: An aquifer in which the water table forms the upper

boundary.
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UNSATURATED ZONE: (Vadose Zone or Zone of Aeration) - A subsurface zone

containing water under pressure less than that of the atmosphere, in-

cluding water held by capillary forces and containing air or gases

generally under atmospheric pressure. This zone is limited by the land

surface above and by the water table below.

UPGRADIENT: A direction that is hydraulically up slope.

USAF: United States Air Force.

VUGGY: Having numerous cavities or openings in a rock.

WATER TABLE: Surface of a body of unconfined groundwater at which the

pressure is equal to that of the atmosphere.

UNITS OF MEASURE

g - grams

gpd - gallons per day

gpm - gallons per minute

mg/L - milligrams per liter

ug/g - micrograms per gram

ug/L - micrograms per liter

mg/kg - milligrams per kilogram

ug/kg - micrograms per kilogram
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ES ENGINEERING-SCIENCE

Biographical Data

DUANE R. BOLINE

Analytical Chemist

Experience Summary

Extensive experience in Analytical Chemistry. Over 20 years of
experience in consulting environmental laboratory management,
organics and inorganic analyses, and academic research. Knowledge-
able of EPA analytical methods, protocols and quality assurance/

quality control requirements. Responsible for coordination of
chemical analyses in support of engineering projvcts.

Experience Record

1986-Present Engineering-Science, Atlanta, Georgia, Technical
Manager, Laboratory Services. Dr. Boline is a

member of the Engineering Direction Staff. This
group of senior engineers and scientists provides
technical assistance and direction for projects
conducted by all ES offices. Responsibilities
include quality assurance, development and
implementation of training procedures for laboratory

personnel, business development, consultation and
project assistance.

1984-1986 Engineering-Science, Atlanta, Georgia, Director of
Laboratory Service/Manager, Special Projects.

Management of chemical analysis laboratory providing

support to engineering-services. Major projects
require analysis of samples from hazardous waste
sites involved in remedial action assessment. In

addition to laboratory management, t:-hnical support
is provided to the engineering staff for proposal
and report preparation.

Dr. Boline has directed the'activities of analytical

chemistry laboratories providing both organic and
inorganic analyses. These laboratories use EPA

recommended procedures for analyzing samples of air,
wate r and solids. The methods utilized include gas

chromatography/mass spectrometry, gas chromatogra-
phy, high performance liquid chromatography, ion

chromatography, atomic absorption spectrometry,

---
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Analytical Chemist
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inductively coupled plasma emission spectroscopy,
molecular absorption spectroscopy (U.V./Vis and

I.R.) colorimetry, potentiometry and miscellaneous
wet chemical test methods. Dr. Boline has provided
the technical expertise for selection and proper
execution of these various techniques to obtain the
information required for each project.

Dr. Boline has written or participated in the
writing of over 50 detailed General Work Plans for

the EPA, other governmental agencies and commercial

clients. His participation in Work Plan preparation
has included selection of test parameters and appli-
cable analysis methods, quality assurance and

quality contrcl protccois, health and safety
factors, scheduling and estimated costs. Recently
Dr. Boline participated in the preparation of eight

Site-Specific test plans and Quality Assurance Pro-
ject Plans. These Site-Specific plans provide the

client and the project team members with a detailed
description of the sampling and analysis procedures

to be used during the investigation.

One of Dr. Boline's primary responsibilities is the
review and evaluation of analytical methods proposed
for specific projects in work plans prepared by ES

personnel. He works closely with projc-t managers
and task leaders to ensure the analyses recommended
will provide the desired data with the precision and

accuracy required. His experience and familiarity
with EPA test procedures has enabled ES to utilize

screening procedures and multielement analysis
methods to provide pertinent information to clients
and achieve significant cost reductions.

Dr. Boline participates in the analysis of the over-
all program objectives in order to understand the

specific information desired. He can therefore
recommend specific procedures and QA/QC protocols to
ensure the acquisition of pertinent data backed with
adequate documentation. During the past year he has

reviewed specific test requests for four military
base phase II waste site investigations, and three
EPA designated hazardous waste site investigations.

Data obtained by chemical analyses for use in regi-

latory enforcement actions, compliance evaluation or
development and validation of methods to be used for
these purposes must be technically valid and pro-

perly documented. Dr. Boline has reviewed data from
previous studies at hazardous waste sites for two
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commercial clients in the past year. His recommen-
dations have been utilized to ensure subsequent

testing would provide adequate data to support,

repute or further define the previous test results.

He has recently completed a review of test results

from a previous study to develop methods for deter-
mining inorganic ions and radicals in a caustic

scrubber brine used to minimize inorganic oxide

emissions from a military incinerator. His recom-

mendations enabled ES chemists to develop and

validate modified analysis methods which provide the

required accuracy and precision specified by the

client.

1980-1 984 Radian Corporation, Director of Analytical Services.

Served as chemical analysis task leader and project

manager for Hazardous Materials Laboratory Opera-

tions. Responsible for management of one of four
profit centers within the company. Provided the
marketing, technical, financial, and personnel

management fcr the Analytical Services Laboratories.

Provided analytical support and technical consulta-

tion to clients in the chemical, petrochemical, wood

and paper, electronics, synfuels, and other related

fields.

Had responsibility for proposal preparation and pro-

ject management for RCRA, NPDES, and other related

projects. Obtained EPA Contract Laboratory Program
projects for both organic and inorganic chemical

analysis.

1968-1980 Assistant Professor; Associate Professor of

Chemistry. Taught undergraduate and graduate

analytical chemistry courses in addition to

maintaining an active Master's Degree research

group. Major research interests were trace metal
analysis by atomic absorption spectroscopy, the

enhancement of sensitivity obtained in flame atomic

absorption by the use of organic solvents, and

environmental chemistry.

This work included an investigation of the trace

metal content of metalloenzymes separated by liquid
chromatography by use of graphite furnace atomic ab-

sorption spectroscopy. The activity of the purified
enzymes was investigated after removal or complexa-
tion of the metal and compared to the activity of
the normal enzyme.

-3-
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1962-1968 Kansas Public Schools, Science Teacher and Basket-

ball Coach.

Education

B.S.E., Physical Science, Emporia State University, 1962
M.S., Chemistry, Emporia State University 1965
Ph.D., Analytical Chemistry, Kansas Stete University, 1975

Professional Affiliations

A.merican Chemical Society
Society for Applied Spectroscopy

Publications

Boline, Duane R., L. H. Keith and D. B. Walters, "Management of a

Chemical Repository for Chemicals Used in Coded Toxicity Testing,"

Chapter 17, pp. 213 - 220 in Chemistry For Toxicity Testing, C. W.
Jameson, D. B. Walters, editors, Butterworth Publishers, 1983.

Boline, Duane R., "Some Speciation and Mechanistic Aspects of Trace
Metals in Biological Systems," Chapter 44 in Environmental Health
Chemistry--Chemistry of Environmental Agents as Potential Hazards,

James McKinney, editor, Ann Arbor Press, Ann Arbor, MI, 1980.

Boline, Duane R. and W. G. Schrenk, "A.tonic Absorption Spectroscopy

of Copper and Iron in Plant Material," J.A.O.A.C., 60, 1170-1174,
1 977.

Boline, Duane R. and W. G. Schrenk, "A Method for Determination cf
Cadmium in Plant Materials by Atomic Absorption Spectroscopy," J.

Appl. Spectros., 30, 607-610, 1976.

Papers and Presentations

Boline, Duane R., L. H. Keith, and 1). b. W&ters, "Inventory Man-
agement and Data Storage for Chemicals Used in Coded Toxicity
Testing," American Chemical Society Meeting, Las Vegas, NV, 19&2.

Boline, Duane R., L. H. Keith, and D. B. Witers, "A Computerine-

Data Management System for a Hazardous Materials Laboratory,"
American Chemical Society Meeting, New York, NY, 1981.

Daub, Robert and Duane R. Boline, "A Comparison of the Growth Rat?
and Chlorophyll Production of Egulena Gradilis as a Function of

Copper Content in the Organism," Kansas AmaJemy cf Science MeetinQ,

Fort Hays, KS, 1980.

___________
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Parli, Joseph and Duane R. Boline, "A Method for the Determination
of Boron by Electrically Heated Tantalum Ribbon Atomic Absorpti,A.
Spectroscopy," Midwest Regional American Chemical Society Meeting,
St. Louis, MO, 1979.

Hiebert, Greg and Duane R. Boline, "A Comparison of the Sensitivity
Obtained for the Determination of Copper by Atomic Absorption

Spectroscopy, as a Function of Physical Properties of Non-Aqueous
Solvents," Kansas Academy of Science, Wichita, KS, 1979.

Parli, Joseph and Duane R. Boline, "A Method for the Determination
of Copper in Plant Material by Atomic Absorption of Spectroscopy
Using an Acidic Methanol Solvent," Midwest Regional American Chemi-
cal Society Meeting, Fayettville, AR, 1978.

Boline, Duane R. and W. G. Schrenk, "A Method for the Determination
of Copper and iron in Plant Material by Atomic Absorption Spectro-
scopy," National AOAC Meeting, Washington, DC (1976) and Rocky
Mountain Conference on Applied Spectroscopy, Denver, CO, 1975.

Boline, Duane R. and W. G. Schrenk, "A Method for the Determination
of Cadmium by Atomic Absorption Spectroscopy," Rocky Mountain
Conference on Applied Spectroscopy, Denver, CO, 1974.
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Biographical Data

WALKER J. DUNCAN

Hydrogeologist

Experience Summary

Extensive experience in management, planning, and implementation of
field programs at hazardous waste and industrial sites. Design and
implementation of monitoring wells; soil, surface water, and ground-
water sampling programs; hydrogeological and geological studies for
contamination assessments and remedial design at hazardous waste
sites.

Experience Record

1985-Date Engineering-Science, Atlanta, Georgia. Geologist/Hydro-
geologist. Responsible for collection and assessment
of data for contamination assessment and remedial

design at hazardous waste sites.

Project responsibilities have included supervision of
field data collection and interpretation for the U. S.
Air Force's Installation Restoration Program for
Edwards AFB, March AFB, and AF Plant 42, in California.
These programs are Phase II and Phase IV work and have
included soil sampling, monitoring well layout and
installation, geophysical log interpretation, aquifer
tests and data interpretation, groundwater sampling,
plume delineation, and report preparation. Project
manager for the U.S. Air Force's IRP Phase II at

MacDill AFB in Tampa, Florida.

Other project responsibilities have included field

sampling supervision at a NPL landfill in New Jersey;
regulatory review of a NPL landfill in Tampa, Florida;
field supervision of well installation and aquifer
testing for industrial clients in Tennessee and South

Carolina.

1980-1985 WAPORA, Inc., Environmental Consultants, Norcross,

Georgia. Geologist. Responsibilities included
preparation of groundwater, soils, and geology sections
for EIS's and EAs; design and review of groundwater
monitoring plans; preparation of RCRA Part B permits;
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groundwater assessments including well installation;

surface water and groundwater monitoring plan design
and implementation.

1977-1980 Atlanta Testing and Engineering Company, Geotechnical
Engineers, Norcross, Georgia. Staff Geologist.
Responsibilities included boring layout, drilling
supervision, logging of drill holes, seismic investi-
gations, pump testing, packer testing of boreholes,
investigations for land applications of industrial
waste, geotechnical investigations at small dam sites,
investigations at large Georgia Power reservoir sites.

1976-1977 Howard Schoenike and Associates, Consulting Geologists,
Houston, Texas. Mine Geologist at a surface coal mine
in northwest Georgia. Responsible for site and

regional coal exploration.

1975-1976 Geoconsultants, Inc., Geotechnical Engineers, Atlanta,

Georgia. Driller and Soils Technician for small
consulting firm.

1973-1975 Soil Systems, Inc., Geotechnical Engineers, Marietta,

Georgia. Driller and Soils Technician.

Education

B.S. Geology, Georgia State University, Atlanta, 1976.

Professional Affiliations

National Water Well Association

Geological Society of America

I
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EDWARD L. GRUNWALD

Health and Safety Manager

Experience Summary

Extensive experience in the development and management of safety and
quality assurance programs. Responsible for health and safety acti-
vities and quality assurance programs for hazardous waste investiga-
tions.

Experience Record

1985-Date Engineering-Science. Corporate Health and Safety

Manager. Responsible for the development and implemen-
tation of Engineering-Science's health and safety
program. Additional responsibilities include the
development of quality assurance plans and standard
operating procedures for hazardous waste site i-ve sti-
gations and remedial projects.

1983-1985 NUS Corporation. Regional Safety Manager, Quality
Assurance Manager. Worked as a member of a multi-

disciplinary field investigation team (FIT) under
contract with the U.S. Environmental Protection Agency
for the investigation of uncontrolled hazardous waste
sites. Duties as a safety officer included the train-
ing of field personnel in instrumentation and site
safety considerations, determination of the type of
respiratory and percutaneous protection needed for each
field activity, development of safety procedures and
guidelines for the office, and scheduling of personnel

for medical examinations. Also responsible for all the
Quality Assurance/Control activities in the office.
These duties included the development of Quality
Assurance/Control Guidelines and the auditing of pro-

3ects to insure compliance with EPA's, NEIC's, and
NUS's Quality Assurance Control Procedures. Instructed
U.S. EPA Region IV FIT Office personnel in the philos-

ophy and procedures of the Quality Assurance Program.

As a toxicologist, authored the Endangerment Assessment

Sections to four RI/FS studies. Experience included
environmental fate modeling and carcinogenic and

noncarcinogenic risk assessment.

Project Manager for eight superfund sites.

t ~
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1982 Johns Hopkins Hospital. Research Programmer. Respon-
sibilities included computer management and the
processing of research data.

1980-1982 University of Massachusetts. Interned as a Laboratory
Health Manager. Duties were to inspect the labora-
tories on campus and make suggestions as to safety
improvements.

1980-1981 University of Massachusetts. Teaching Assistant for

courses in Microbiology and Industrial Hygiene for the
Public Health Department.

1978-1979 Johns Hopkins Hospital. Research Assistant in the
Cardiology Department. Research focus was on the
enzyme creatine kinase and the role it has in ischemic
heart disease.

Education

B.S., Bacteriology, 1978, Ohio Wesleyan University
M.S., Public Health (Toxicology Specialization), 1982, University of
Massachusetts

Prcfessional Affiliations

Society of Environmental Toxicology and Chemistry

Honors and Awards

National Science Foundation Research Participation Program Winner

Publications

"Ozone-Induced Decrease of Erythrocyte Survival in Adult Rabbits,"
Advances in Modern Environmental Toxicology, Volume 5, 1982.

"Protection By Ascorbate Against Acetylphenylhydrazine Induced Heinz
Body Formation in Normal Human and Sheep Erythrocytes," The Journal
of Environmental Science and Health, Volume '6, pp. 897-902, 1982.

Papers and Presentations

"The Salmonella/Mammilian-Microsome Mutagenicity Test." Presented
before the Honor Society at Ohio Wesleyan University, June 1978.

"Ozone-Induced Decrease of Erythrocyte Survival in Adult Rabbits,"
presented at the U.S. EPA-sponsored International Symposium on Ozone
Toxicology, Pinehurst, North Carolina, March, 1982.
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Biographical Data

MARK A. GUTHRIE, P.E.
Environmental Engineer

Experience Summary

Wide variety of technical experience in hazardous and industrial

waste treatment processes and hazardous waste site investigations.
Experience includes extensive background in field sampling, labora-
tory analyses, treatability testing, and process engineering, with
emphasis on the identification, development, and evaluation of waste
treatment and site remediation alternatives.

Experience Record

1985-Date Engineering-Science, Atlanta - Hazardous Wastes Group
Project Manager. Involved in a variety of activities

related to hazardous waste management, including remed-
ial investigation and feasibility studies (RI/FS), and

remedial design and construction at uncontrolled hazar-
dous waste sites. Representative project experience is

described below.

Conducted IRP Phase II - Confirmation/Quantification

investigations at USAF Plant 42 (Palmdale, California)
and MacDill AFB, Florida under the Air Force Installa-

tion Restoration Program (IRP). These surveys involved
the collection of field data on past waste disposal and

spill sites to determine the presence extent of envi-
ronmental contamination, and to recommend appropriate
remedial actions and long-term monitoring. Act4.vitics
included soil boring and sampling, monitoring well

installation, ground & surface water sampling, chemical
analysis of environmental samples, geophysical surveys,

and public health and environmental risk assessments.

Performed conceptual design of ground-water recovery,

treatment and disposal systems for source control and
remediation at a former waste oil reclamation facility

included on the National Priorities List (NPL). The

project was conducted for the Florida Department of
Environmental Regulation. Activities included conta-
mination assessment, ground-water flow and recovery

system testing, treatability testing, and alternatives
evaluation with estimates of capital and operating

costs for the proposed systems.

Conducted treatability testing and conceptual design of

an on-site wastewater treatment system for remedial
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action at an abandoned hazardous waste treatment site.
The system consisted of oil separation, metals precipi-
tation, solids removal, multimedia filtration, and
activated carbon adsorption. Specific contaminants in-
cluded waste oils, PCB, phenol, and heavy metals.

1 981 -1 985 Engineering-Science, Atlanta - Industrial Wastes Group
Project Manager and Project Engineer. Conducted field
studies, preliminary engineering, and process design of
treatment and disposal technologies for industrial
wastes. Activities included waste characterization
studies, treatability testing, process sizing and
design criteria development, technical and economic
alternatives evaluations, process design, performance
and capacity evaluations of existing systems, and
operations assistance for industrial waste treatment
facilities. Extensive experience in biological systems
and anaerobic treatment facilities.

Specific industrial experience includes: synthetic

fibers and intermediates, cellulose acetate, silicones,
herbicides and pesticides, synthetic pharmaceuticals,
industrial enzymes, citric acid, phenolic plastic
resins, ABS plastics, textile dyes, and electronics
manufacturing.

1978-1980 Purdue University, West Lafayette - Grdduate Research
Assistant. Developed and evaluated an experimental
protocol for determining the biodegradability and fate
of specific organic priority pollutants during the
anaerobic digestion of wastewater sludges. Activities
included bioassays to determine toxicity of specific

compounds, enrichment techniques for acclimation of
methanogenic cultures, bench-scale anaerobic digester

operation, experiments to quantify sorption and vola-
tilization of test compounds, determination of extent
of biodegradation, and analysis of test compounds by
gas-liquid chromatography. Dimethyl phthalate and
pentachlorophenol were used for protocol evaluation.

Education

B.S.E. in Civil Engineering, 1978, Duke University
M.S.C.E. in Environmental Engineering, 1983, Purdue University

Professional Affiliations

Registered Professional Engineer (Georgia)
American Chemical Society
American Society for Microbiology
Association of Ground Water Scientists and Engineers (NWWA)
International Association for Water Pollution Research and Control
Water Pollution Control Federation
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Publications

"Fate of Pentachlorophenol in Anaerobic Digestionn, M. A. Guthrie, E.
J. Kirsch, R. F. Wukasch, and C. P. L. Grady, Jr., Proceeding of the
1981 Conference on Environmental Engineering, A.S.C.E., 1981.

"Experimental Strategy for Evaluating the Fate of Priority Pollutants
in Wastewater Treatment Systems", E. J. Kirsch, C. P. L. Grady, Jr.,
M. A. Guthrie, L. P. Moos, and R. F. Wukasch, Proceedings of the
Fifth International Symposium on Biodeterioration, Eds. T. A. Oxley
and S. Barry, Pub. John Wiley and Sons Ltd., 1983.

"Development and Evaluation of an Experimental Protocol for Deter-
mining the Biodegradability and Fate of Specific Organic Chemicals
During Anaerobic Digestion: Dime thylphthalate and Pentachlorophenol",
M. A. Guthrie, M.S.C.E. thesis presented to Purdue University, 1983.

"Pentachlorophenol Biodegradation II - Anaerobic", M. A. Guthrie, E.
J. Kirsch, R. F. Wukasch, and C. P. L. Grady, Jr., Water Research,
Volume 18, Number 4, 1984.

"Fermentation Industry Wastewater Treatment - Aerobic vs Anaerobic",
M. A. Guthrie, M. R. Hockenbury, P. A. Turpin, J. I. Cooper, V. R.
Worrell, Proceedings of the Industrial Wastes Symposia, 57th Annual
Water Pollution Control Federation Conference, 1984.

"Treatment and Disposal Technologies for Liquid Hazardous Wastes as
Alternatives to Subsurface Injection", G. C. Patrick, M. A. Guthrie,
and T. N. Sargent, Proceedings of the International Symposium on
Subsurface Injection of Liquid Wastes, sponsered by Underground
Injection Practices Council, National Water Well Association, and
U.S. Environmental Protection Agency, 1986.

"Economic Impacts of Alternative Technologies for Treatment and
Disposal of Liquid Hazardous Wastes", M. A. Guthrie, G. C. Patrick,
and T. N. Sargent, Proceedings of the International Symposium on
Subsurface Injection of Liquid Wastes, sponsered by Underground
Injection Practices Council, National Water Well Association, and
U.S. Environmental Protection Agency, 1986.

Evaluation of Current Underground Injection of Hazardous Waste in
Illinois, R. D. Brower, A. P. Visocky, I. G. Krapac, B. D. Hensel, G.
R. Peyton, J. S. Nealon, and M. A. Guthrie, published by Illinois
Department of Energy and Natural Resources, Hazardous Waste Research
and Information Center, 1986.

"Study of Current Underground Injection Control Regulations and
Practices in Illinois," A. P. Visocky, J. S. Nealon, R. D. Brower, I.
G. Krapac, B. D. Mensel and M. A. Guthrie, Ground Water Monitoring
Review, Volume 6, Number 3, 1986.
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ROBERT S. McLEOD, P.E.
Senior Hydrologist

Experience Summary

Mr. McLeod has more than 24 years of experience in ground water and

surface water hydrology. He has served as project manager on studies
related to developing ground water for industrial and municipal water
supplies and on studies involving remedial investigations, feasibi-
lity studies and cleanup activities at hazardous waste facilities.
He also has served as an expert witness in settlement negotiations
involving the federal government, state government, local
governmental agencies and industries.

Experience Record

1986-Date Engineering-Science, Inc. Senior Hydrologist and
Manager, Earth Sciences Section. Responsible for
rmar.agement of hydrogeologists and geologists involved
in work related to surface and subsurface investiga-
tions at hazardous waste sites.

1985-1986 ATEC Associates, Inc., Marietta, Georgia. Manager,
Environmental Services Division. Responsible for

development and management of the Environmental
Services Division of ATEC Associates in the southeast
United States.

1982-1985 Engineering-Science, Inc. (Part-time). Senior Hydro-
logist. Project manager on several studies involving

remedial investigations, feasibility studies and
cleanup activities at hazardous waste facilities.

1982-1985 Robert S. McLeod and Associates, Inc., Marietta,
Georgia. Consulting Hydrologist on studies relating to
ground-water resources evaluation.

1980-1982 Law Engineering Testing Company, Atlatna, Georgia.
Senior Water Resources Engineer. D:rected the analysis
and reporting of data on a 25-million dollar project
for evaluating the feasibility of using salt domes in
the Gulf Coast area for the storage of high-level
nuclear wastes.

1964-1980 U.S. Geological Survey. WRD Division, Madison, Wiscon-

sin. Project Chief (1970-1980). Conducted regional

-1I -
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ground water studies involving evaluation of the occur-
rence, movement and availability of ground water.
These studies included modeling ground-water flow and
investigating ground water-surface water relationships.

Project Hydrologist (1964-1970). Participated in
numerous studies to define the availability of surface
and groundwater for industrial and muncipal supply.

1962-1964 U.S. Army Corps of Engineers. Staff Engineer. Moni-

tored dredging operations for harbor improvements and
assisted resident engineer in managing rehabilitation
work at a low-head dam.

Education

B.S., Civil Engineering, University of Illinois, 1962
M.S., Civil Engineering, University of Wisconsin, 1965
Full-time advanced graduate studies in hydrology and hydrogeology,
University of Wisconsin, 1966-67, 1969-70

Professional Affiliations

Registered Professional Engineer, Georgia and Tennessee
Certified Ground Water Professional, Association of Ground Water

Scientists and Engineers
Certified Professional Ground Water Hydrologist, American Institute

of Hydrology
American Society of Civil Engineers

American Water Resources Association
National Water Well Association
National Society of Professional Engineers
American Institute of Hydrology

Publications

McLeod, R. S., 1973, Ground-water occurrence and movement related to
aquifer system models: in Workshop Proceedings, Indiana Water
Resources - Future Problems and Needs, Purdue University, May 10-11,
1973.

McLeod, R. S., 1975, A dicital-computer model for estimating draw-
downs in the sandstone aquifer system in Dane County, Wisconsin:
Wisconsin Geological and Natural History Survey Information, Circ.
28, 91 p.

-2-
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McLeod, R. S., 1975, A digital-computer model for estimating hydro-
logic changes in the aquifer system in Dane County, Wisconsin:
Wisconsin Geological and Natural History Information circ. 30, 40 p.

McLeod, R. S., 1978, Water level declines in the Madison area, Dane
County, Wisconsin: U.S. Geological Survey open file report, 15 p.

McLeod, R. S., 1980, The effects of using ground water to maintain
water levels of Cedar Lake, Wisconsin: U.S. Geological Survey Water
Resources Investigation 80-23, 35 p.

McLeod, R. S., 1984, Evaluation of Superfund sites for control of
leachate and contaminant migration: in proceedings, Conference and
Management of Uncontrolled Hazardous Wastes Sites, (November 7-9,
1984), Hazardous Materials Control Research Institute.

Papers and Presentations

"Relation Between Ground Water Pumping and Streamf low in the Yahara
River Watershei, Wisconsin," presented at the Madison Hydrology Club,
November 1978.

"Ground-Water Modeling Techniques for Managing Aquifer Systems,"
presented at the University of Wisconsin Continuing Education
Sanitary Engineering Institute, March 1979.

"Water Use Data Collection Program in Wisconsin," presented at the
Midwest Ground Water Conference, November 1979.

"Ground Water Flow in the Vicinity of Richton and Cypress Creek Salt
Domes, Perry County, Mississippi," presented at the Fifth Southeast-
ern Ground Water Conference, November 1981.
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Biographical Data

ERNEST J. SCHROEDER
Environmental Engineer

Experience Summary

Nine years of environmental engineering experience with Union Carbide
working in research, engineering, construction and operations plus
ten years of environmental consulting experience conducting indus-
trial waste treatment and hazardous waste management projects. Very
actively involved, during the last six (6) years, in remedial action
projects at hazardous waste sites.

Experience Record

1976-Date Technical Director for Eastern Group Hazardous Waste

Projects (1985 - Date). Responsible for technical
review and direction of hazardous waste projects con-
ducted by Engineering-Science Eastern Group.

Engineering-Science, Inc., Manager of Solid and Hazard-
ous Waste Group in the Atlanta, Georgia office (1980-
date). Responsible for the supervision of solid and
hazardous waste project managers and project engineers
and the management of solid and hazardous waste
projects in the office. Project activities have
included permit and regulatory assistance, environmen-
tal audits, waste management program development,
delisting partiticns, ground-water monitoring, landfill
evaluations, landfill closure design, hazardous waste
management, waste inventory, waste recovery/recycle

evaluation, waste disposal alternative evaluation,
transportation evaluation, and spill control and
countermeasure planning, HRS evaluations, preparation
of remedial investigations and feasibility studies, and
design and construction supervision for hazardous waste

site cleanup.

Project Manager for Phase I Installation Restoration
Program projects for the U.S. Air Force, environmental

audits (air, water and solid waste) at industrial
facilities, contamination assessment and hazardous
waste site cleanup projects conducted for industrial
clients as part of consent degree agreements, and four
Remedial Investigation/ Feasibility Studies projects.
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Engineering-Science, Inc., Manager of the Industrial
Waste Group in the Atlanta, Georgia office (1978-1980).

Responsible for the supervision of industrial waste
project managers and project engineers and the manage-
ment of industrial waste studies conducted in the
office. Also directly involved in project management
consulting rith clients on environmental studies and
environment assessment projects, e.g., project manager
for several spill control and wastewater treatability
projects and for a third-party EIS for a new phosphate

mine in Florida.

Engineering-Science, Inc., Project Manager (1976-1978).
Engineering and project management if various indus-
trial wastewater and hazardous waste projects.

1967-1976 Union Carbide Corporation, Environmental Protection
Project Engineer, Toronto, Ontario, Canada (1975-1976).
Responsible for the environmental permitting and
engineering design of waste treatment systems associ-
ated with a new refinery.

Union Carbide Corporation, Environmental Protection

Department, Texas City, Texas (1969-1975). Prc-ect
Engineer and Engineering Supervisor. Responsible for
var'ous aspects of plant pollution abatement programs,
including preparation of state and federal permits for
wastewater treatment activities, operations represen-
tative on $8 million regional wastewater treatment
project (process design, detailed design, construction
and startup), and supervisor for operation of waste-
water collection and treatment facilities.

Union Carbide Technical Center, Engineering Department,
South Charleston, West Virginia (1967-1968). e
Engineer. Responsible for environmental protection
engine.Rxing projects for various organic chemicals and

plastics plants.

Education

B.S. in Civil Engineering, 1966, University of Arkansas
M.S. in Sanitary Engineering, 1967, University of Arkansas

Professional Affiliations

Registered Professional Engineer (Arkansas No. 3259, Georgia No.

10618, Texas No. 33556 and Louisiana No. 21685)
American Academy of Environmental Engineers (Diplomate)
Water Pollution Control Federation
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Honarary Affiliations

Chi Epsilon

Publications

"Activated Carbon Adsorption for Textile Wastewater Pollution
Control," Symposium Proceedings: Textile Industry Technology,
Williamsburg, Virginia, December 1978 (Coauthor A. W. Loven, Ph.D).

"Pilot Plant Evaluation of the 1974 BATEA Guidelines for the Textile
Industry," Proceedings of 35th Industrial Waste Conference, Purdue
University, Indiana, May 1980 (Coauthor W. A. Storey).

Papers and Presentations

"Filamentous Activated Sludge Treatment of Nitrogen Deficient Waste,"
Masters of Science Research Paper, University of Arkansas, Fayette-
yille, Arkansas, 1967.

"Summary Report of the BATEA Guidelines (1974) Study for the Textile
Industry," presented to North Carolina Section of AWAA/WPCA, Pine-
hurst, North Carolina, November 1979.

"Industrial Solid Waste Management Proogram to Comply with RCRA, "

engineering short course presented at Auburn University, Alabama,
October 1980.

"Technical and Economic Impact of RCRA on Industrial Solid Waste
Management," presented to Florida Section of American Chemical

Society, May 1981.

"Hazardous Waste Site Rating Systems," presented to Textile Waste-

water Treatment and Air Pollution Control Conference, Hilton Head
Island, South Carolina, January 1983 (Coauthor T. N. Sargent).
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Biographical Data

SHARON A. SCHULTZ
Environmental Scientist

Experience Summary

Extensive environmental sampling experience during 6 years of profes-
sional practice. Considerable experience in surface geophysical
surveys, soil boring programs and computerization of environmental
data. Specialized experience in planning and execution of field
sampling programs and in laboratory analytical techniques.

Experience Record

1984-Date Enginaering-Science, Atlanta, Georgia. Eivironmental
Scientist. Member of crew employing electrical resis-
tivity, magnetometer and electromagnetics to investi-
gate ground-water contamination at numerous hazardous
waste disposal sites. Responsible for reduction of
Geophysical field data using computerized data packages
and interpretation of field data. Leader of field crew
sampling ground-water monitoring wells, surface waters,
bore holes and surface sediments. Additional responsi-
bilties include Soil-Gas Monitoring, aquifer pump
tests, solidification testing and report preparation.

1984 Applied Biology, Inc., Decatur, Georgia. Chemist -
Metals Analyst. R-sponsible for managing and
maintaining metals laboratory. Duties include sample
preparation and sample analysis on Atomic Absorption
Spectrophotometer. Responsible for implementing strict
quality assurance program for metals analysis, ensuring
proper handling procedures are carried out for
hazardous materials.

1983-1984 Claude Terry & Associates, Inc., Atlanta, Georgia.
Environmental Scientists, Taxonomic Specialist,
Environmental Assessment. Responsible for sampling,
identification and analysis of periphyton community on
the state-wide Georgia Nonpoint Source Pollution
Assessment Study. Maintained quality assurance program
for study components. Other reoponsibilities included
the review of terrestrial and aquatic protected species
surveys and the development and application of environ-
mental impact and assessment methodologies.

1980-1983 Applied Biology, Inc., Decatur Georgia. Environmental
Scientist, Quality Control Clerk, Plankton Taxonomist.
Performed extractions for use in the detection of

1
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herbicides and pesticides. Responsible for maintaining
wet chemistry lab and performing all phases of sample
analysis as outlined in Standard Methods. Maintained
quality assurance files. Conducted in-house audit.
Responsible for identification and counts of marine
zooplankton samples Experienced in the use of field
equipment for physical and chemical measurements.
Member of crew for vegetation study in a Florida power
plant's cooling canals.

1980 Mangrove Planting Crew, Hutchinson Island, Florida.
Growth Monitor, Planting Crew Member. Monitored tree
growth, planted trees.

1979 Applied Biology, Inc., Jensen Beach, Florida. Marine
Benthic Organism Taxonomist. Sorted and identified
benthic macroinvertebrates.

1978 Florida Institute of Technology, Sediment Survey Team.
Sediment Content Analysis Technician. Worked as soil
surveyor.

Education

A.S. in Environmental Technology, 1980, Florida Institute of
Technology
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Biographical Data

CRAIG L. SPRINKLE
Senior Hydrogeologist

Experience Summary

Extensive experience in planning, executing and reporting on
hydrogeologic studies spanning 13 years of professional practice.
Responsible for design, conduct, and evaluation of studies utilizing
surface-water, ground-water, bore-hole geophysical, and geochemical
data from sites in six southeastern states.

Experience Record

1986-Date Engineering-Science. Senior Hydrogeologist. Respon-
sible for evaluation and interpretation of geologic,
hydrologic, and chemical data obtained from USAF IRP
studies and other hazardous-waste site investigations.

1975-1986 U.S. Geological Survey-WRD. Staff Hydrologist
(1985-1986). Responsible for developing techniques,

instituting new programs, and conducting research in
quantitative ground-water studies. Coordinator for
EPA-USGS cooperation on ground-water protection, and
USAF-USGS cooperation on IRP program. A principal

author of Department of Interior rule on assessment of

natural resource damages (CERCLA 301(c)).

Hydrologist (1975-1985). Responsible for conducting
areal studies and writing interpretive reports dealing
with water resources in parts of six southeastern
states.

1973-1975 Tennessee Department of Public Health - Division of
Solid Waste Management. Geologist. Responsible for
site investigations of existing and potential sanitary
and hazardous-waste landfills. Reports were basis for
acceptance/certification of sitcs by State.

Education

B.A., Ceclogv, 1970, Vand-rhijt tW1k .rvity
M.S., Geochemistry, 1973, Vanderbilt University
B.S., Civil Engineering, 1977, University of Tennessee
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Professional Affiliations

Geological Society of America

American Geophysical Union
International Association of Hydrologists
Geochemical Society
National Water Well Association

p

Publications

"A study of factors controlling the chemical quality of water in
Cartwright Creek Basin, Williamson County, Tennessee," Water
Resources Research Center Report No. 42, University of
Tennessee-Knoxville, 1974.

"Hydrogeochemistry in a carbonate basin-geomorphic and environmental

implicdtion," Water Resources Research Center Report No. 44,
University of Tennessee-Knoxville, 1975.

"Leachate migration from a pesticide waste disposal site in Hardeman
County, Tennessee," U.S. Geological Survey WRI 78-128, 1978.

"Sulfate concentration in water from the upper permeable zone of the
Tertiary limestone aquifer system, southeastern United States," U.S.
Geological Survey WRI 81-7101, 1982.

"Total hardness of water from the upper permeable zone of the
Tertiary limestone aquifer system, southeastern United States," U.S.
Geological Survey WRI 81-1102, 1982.

"Chloride concentration in water from the upper permeable zone of the
Tertiary limestone aquifer system, southeastern United States," U.S.
Geological Survey WRI 81-1103, 1982.

"Dissolved-solids concentration in water from the upper permeable
zone of the Tertiary limestone aquifer system, southeastern United

States," U.S. Geological Survey WRI 82-94, 1982.

"Summary of hydrologic testing in Tertiary limestone aquifer, Tenneco

offshore exploratory well Atlantic OCS, lease block 427 (Jacksonville
NH 17-5)," U.S. Geological Survey Water-Supply Paper 2180, 1982.

"Evaluation of ground-water quality data from Kentucky," U.S.
Geological Survey WRI 83-210, 1983.

"Authigenic fluorite in dolomitic rocks of ths Floridan aquifef,"
Geology, 1985.

"Geochemistry of the Floridan aquifer system in Florida and in parts

of Georgia, South Carolina, and Alabama," U.S. Geological Survey
Prof. Paper 1403-I, in press.
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Papers and Presentations

"Downstream effects of strip mining on water quality in the New River
Basin, Tennessee," presented at symposium on environment and mining
research at University of Tennessee-Knoxville, 1978.

"Sampling for organic contaminants associated with the pesticide
waste dump in Hardeman County, Tennessee," presented at American
Geophysical Union fall meeting, 1979.

"Mapping water quality of the Tertiary limestone aquifer system,
southeastern United States," presented at Geological Society of
America annual meeting, 1980.

"Geochemistry of water from two wells in the Tertiary limestone
aquifer system, Georgia and Florida," presented at Geological Society
of American southeastern section meeting, 1982.

"Modeling mass transfer in the Tertiary limestone aquifer system,
southeastern United States," presented at Geological Society of
America southeastern section meeting, 1983.
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Biographical Data

KENNETH J. STOCKWELL
Environmental Engineer

Experience Summary

Experience in planning, managing and conducting Hazardous Waste
Remedial Investigations and Feasibility Studies. Direct responsi-
bility for preparation of budgets and sampling and quality assurance
plans as well as implementation of field investigations. Specific
experience includes liaison with state and federal agencies during
planning as well as administration and oversite of subcontracts.
Project Manager for ongoing RI/FS efforts at two sites in the
National Priority List, numerous other sites involving fuel and
solvent contamination, and for construction oversite of a ground-
water recovery and treatment system. Detailed experience in program
management and specific project management of multiple task order

contracts requiring consistency in planning, budgeting and reporting.

Experience Record

1985-Date Engineering-Science. Project Manager for a RI/FS on a
hazardous waste site on the National Priorities List.
Responsibilities included liaison between the
Potentially Responsible Parties (PRPs), the USEPA and
applicable state agencies during preparation of
remedial investigation plans and implementation of the
field study. Directly responsible for staffing,
coordinating and conducting the field investigation and
preparation of the remedial investigation report.
Included in the site evaluation was a hydrogeologic
site assessment and preptration of a public health risk
assessment and contaminant transport evaluation. Media
investigated included ground water, soils and surface
water. The contaminants of concern were metals. Also
directly responsible for the evaluation of alternatives
for site remediation under the Feasibility Study.
Tasks included selection and bench scale testing of
treatment processes and engineering and .cost evaluation
of various alternatives uader the requirements of
CERCLA and SARA.

Project Manager for site investigations and remedial
action plan development (feasibility studies) for fuel
spill sites on two U.S. Air Force Bases. Responsibi-
lities included preparation of plans and implementation
of the field investigation. Data evaluation and evalu-
ation of potentially applicable remedial alternatives
will be conducted and a final remedial action plan or
feasibility study prepared.

P1
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Project Manager for construction oversight and start-up
of a ground-water recovery and treatment system for the
removal of jet fuel from an aquifer on a U.S. Air Force
base. Project activities included oversight of the
installation of sixteen recovery wells according to

specifications prepared by Engineering-Science and
preparation of an operations and maintenance manual for
start-up and system operation.

Project Manager for a site investigation to assess
levels of herbicide and pesticide contamination.
Project included soil and surface water sampling and
analysis. Future activities will include ground water
assessment.

Project Manager for an ongoing RI/FS on a landfill on
the National Priorities List. Specific responsibili-
ties include design and implementation of the field
investigation including preparation of sampling,
quality assurance and health and safety plans. This
project involves potential organic contamination of an
aquifer.

Project Engineer responsible for field investigation
activities at multiple disposal sites on an industrial
manufacturing facility. Required detailed planning,

scheduling, budgeting and oversight of a fast-track
field investigation. Specific activities conducted

included field sample collection of soils, sediments
and surface and ground water as well as oversight of
geophysical survey, soil boring and monitoring well
installation activities. The primary contaminant was
combustible elemental phosphorous.

Deputy Program Manager and Project Engineer responsible
for administrative coordination and technical review
for a major on-going hazardous waste site investigation
contract. Responsibilities include contract adminis-
tration, implementation and general oversight of multi-
ple delivery orders. Specific activities include
preparation of work plans, budgets, schedules and
reports.

1983-1985 Applied Biology, Incorporated, Decatur, Georgia. Staff
Environmental Engineer. Responsible for providing
engineering evaluation in the preparation of NEPA
related studies such as environmental impact
statements and assessments.

Conducted administrative management and coordination of
field activities for a major ground-water monitoring
study in the barrier islands of North Carolina. Res-
ponsible for all aspects of field sampling and data
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acquisition as well as coordination of laboratory
analysis and data ev-luation.

1981-1983 old Dominion University - Graduate School Research
Assistant. Served as graduate assistant in charge of
water chemistry laboratory and conducted research on
chemical treatment of surface potable water source.

1976-1981 U.S. Navy, Commissioned Officer. Responsible for the
supervision o± assigned personnel including job sched-
uling and performance evaluation, for the upkeep of
major equipment, for preparation of operational exer-
cises and reports and administration of division
budget. Coordinated scheduling and tracking of ship's
force and commercial shipyard efforts during major
overhaul.

Education

P.S., 1976, United States Naval Academy
M.E., 1983, Environmental Engineering, Old Dominion University

Professional Affiliations

Registered Professional Engineer in Georgia
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Biographical Data

A. SCOTT YANKEY

Hydrogeologist

Experience Summary

Experience in design and implementation of groundwater monitoring
plans at hazardous waste sites throughout the U.S. Specialized
experience in geophysical assessment of hazardous waste sites and
hydrologeologic interpretation.

Experience Record

1985-Date Engineering-Science. Hydrogeologist. Responsible for
geophysical and hydrogeological investigations at

active and inactive hazardous waste sites. Geophysical
investigations include surface electrical resistivity,
electromagnetic and magnetic surveys to delineate
subsurface stratigraphy, site boundaries, hydrogeologic
features, and contaminant plumes migrating from sites.
Hydrologeologic investigations include utilizing geo-

physical data for evaulating existing groundwater
monitoring systems and placement of new groundwater
monitoring wells; ground water, surface water and soil
sampling; pumping tests; and report preparation.

1981-1982 Self-employed Geologist. Responsible for researching

existing oil and gas well records and collating the
data for the eastern, southern and western producing
counties of Kentucky. Involved geophysical log inter-
pretation to identify contacts and marker horizons.

1980 University of Kentucky, Black Shale Project, Lexington,
Kentucky, Geologist. Responsible for the identifi-
cation and separation of microfossil assemblages within
the Chattanooga Shale and mapping their occurence
throughout Kentucky.

Education

B.S. Geology, 1983, University of Kentucky
M.S. Geology, Active, University of Georgia
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DRILLING RECORD
PAGE 1 OF 1

WELL/BORING ID: MDB-1 DRILLING STARTED: 1510 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1545 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 3.25

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/9/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH INFEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 3/7/18 Topsoil and vegetation

3.0 Sand, quartz, fine to gravel,
white to gray, limestone
fragments (fill material)

5.0 5/5/6 Sand, quartz, fine to very HNu = 0.8 ppm

fine, brown, plant material

10.0 2/3/5 Sand, quartz, fine to very HNu = 0.0 ppm

fine, white to tan, scat-
tered heavy minerals

15.0 4/4/6 Sand, quartz, medium to
very fine, gray, clay 20%,

limey gravel zone at 16'

20.0 1/1/2 Clay, gray-green, sand 40%, HNu = 0.0 ppm

pebble to very fine, quartz,
limestone fragments <10 mm,

plant material

Terminated boring at 22 feet

D-1
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WELL/BORING ID: MDB-2 DRILLING STARTED: 1610 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1645 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 3.70

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/9/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH INFEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS REOOVERY ID SAMPLE DESCRIPTION NOTES

0 2/1/I Topsoil and vegetation HNu = 0.4 ppm

Sand, quartz, fine to very
fine, brown to tan, plant
material

5.0 3/5/6 Sand, quartz, fine to very HNu = 0.0 ppm

fine, tan, plant material

10.0 3/3/4 Sand, quartz, fine to very HNu = 0.0 ppm

fine, slightly silty,
slightly clayey, white to tan

14.0 3/4/4 Sand, quartz, fine to very
fine, clay 30-40%, gray
to gray-green

Terminated boring at 17 feet

D-2
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DRILLING RECORD
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WELL/BORING ID: MDB-3 DRILLING STARTED: 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Rotary/Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 3.97

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/9/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN SAMPLER PERCENT SAMPLE
FEET SAMPLE PERCETT NOTE

BELOW LS. BLOWS RECOVERY ID

0 4/7/5 Topsoil and vegetation HNu = 0.0 ppm
Sand, quartz, fine to very
fine, limestone fragments,

<6 mm in diameter

1.0 Sand, quartz, fine to very

fine, gray to black,
decaying vegetation

5.0 4/4/6 Sand, quartz, fine to very HNu = 0.0 ppm
fine, brown, plant material

10.0 2/2/3 Sand, quartz, silt to fine,
clay 5-10%, tan

14.0 Clay, sandy, gray-green

15.0 1/2/2 Sand, quartz, fine to very

fine, clay 50%, gray-green,

limestone fragments Tool fell under
weight of hammer
to 23.5 feet. Hole

filled with ben-
tonite to depth

of 14 feet

D-3
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WELLIBORING ID: MDS3-4 DRILLING STARTED: 0735 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 0755 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Rotary/Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 3.20

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/9/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN SAMPLER PERCENTSAMPLE
FEET SAMTEN

BELOW LS. SLOWS REOVEY ID SAMPLE DESCRIPTION NOTES

0 5/5/3 Topsoil, vegetation and HNu = 0.0 ppm
fill material: sand,

quartz, fine to very fine,

limestone fragments <6 mm
diameter. Sand, quartz,
fine to very fine, gray to
brown

5.0 3/4/6 Sand, quartz, fine to very HNu = 0.0 ppm

fine, plant material, gray

10.0 2/3/3 Sand, quartz, fine to very

fine, white to light gray,
sparse scattered heavy
minerals, sparse plant
material

15.0 2/3/3 Sand, as above

15.9 Sand, quartz, coarse to
fine at contact, limestone

fragments <5 mm diameter

16.0 Clay, gray to gray-green,
sand 40%, quartz, fine to
silt

Terminated boring at 17 feet

D-4
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WELLIBORING ID: MDB-5 DRILLING STARTED: 8-15-87

LOCATION: MacDill AFB DRILLING COMPLETED: 8-15-87
PROJCT O: A001Hollow 

stem

PROJECT NO: AT00l DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Grab

LOGGER: STATIC WATER LEVEL:

GEOLOGIST: R. S. Bonner WATER LEVEL DATE:

SIGNATURE: WATER LEVEL DATUM:

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 Sand - very fine to fine, 2" blacktop.
light tan with some gravel. Photo Vac TIP =

0 ppm at 0'.

1.0 1 Sand - medium to very fine,
dark brown with trace silt,
moist.

3.0 Sand - medium to very fine,
brown to black, little silt,
moist.

5.0 2 Sand - very fine to fine, Photo Vac TIP =

dark gray, little silt, 0 ppm at 5'.
very wet.

8.0 Sand - very fine to fine,
light gray, little silt,
very wet.

10.0 3 Photo Vac TIP =

0 ppm at 10'.

13.0 Boring Terminated at 13 feet.

I
__________ _________ _________ _______ ___________________________________ ______________________

J
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WELL/BORING ID: MD3-6 DRILLING STARTED: 1720 9/17/86

LOCATION: acill AFB DRILLING COMPLETED: 1745 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Rotary/Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 3.56

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/10/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN SAMPLER PERCENT SAMPLEFEET SAPEDSRPINNOTES
BELOW LS. BLOWS RECOVERY ID

0 2/4/5 Topsoil and vegetation. HNu: 0.0 ppm

Sand, quartz, fine to very
fine, gray-to-black, organic

rich (decaying vegetation).

5.0 4/4/2 Sand, quartz, fine to very HNu: 0.0 ppm

fine, brown, organic-rich

(decaying vegetation),
coarse sand 5.0 to 5.5 feet.

10.0 1/1/1 Sand, quartz, fine to very HNu: 0.0 ppm
fine, chocolate brown,

organic-rich (decaying
vegetation), scattered
coarse sand grains.

14.0 Clay, brown, sand 30%,
fine to silt.

14.5 Limestone, weathered,

clayey, white, fragmented
<25 mm diameter.

Terminated boring at 15 feet.

D-6
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DRILLING RECORD
PAGE OF 1

WELL/BORING ID: MD58-5 DRILLING STARTED: 0755 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 0820 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.88

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/10/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVIRY f0 SAMPLE DESCRIPTION NOTES

0.0 1/3/3 Topsoil and vegetation. HNu: 0.0 ppm
Sand, quartz, fine to very
fine, white to gray.

5.0 3/4/5 Sand, quartz, fine to very
fine, silty, clayey, gray,

clay 5-10%.

10.0 3/4/5 Sand, quartz, fine to very HNu: 0.0 ppm

fine, silty, slightly
clayey, gray.

15.0 3/4/5 Clay, stiff, blue-green, HNu: 0.0 ppm

abundant shell fra7er.:ns

at 15.0 feet, sand 10%,

quartz, very fine.

20.0 5/8/9 Clay, stiff, blue-green,
sand 10%, quartz, very

fine, scattered shell
fragments.

Terminated boring at 22 feet.

D-7
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WELL/BORING ID: MD58-6 DRILLING STARTED: 1815 9/17/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1825 9/17/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 4.58

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/12/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN

FEET SAMPLER PERCENT SAMPLE

BELOW LS. SLOWS REOOVERY ID SAMPLE DESCRIPTION NOTES

0 1/2/3 Topsoil and vegetation

Sand, quartz, fine to very
fine, white to black, dark

zone organic-rich (vegeta-
tion decay).

5.0 6/7/10 Sand, quartz, fine to very HNu = 0.0 ppm
fine, chocolate brown,

organic-rich (vegetation

decay).

8.0 Clay, blue-green, stiff,

slightly sandy, plant
material, shell fragments

Terminated boring at 10 feet

D- 8
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DRILLING RECORD
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WELL/BORING ID: MD9-4 DRILLING STARTED: 09:10 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 09:45 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 4.06

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/14/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
rEFEET SAMPLER "ERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0.0 2/3/7 Topsoil and vegetation. HNu: 1.0 ppm
Sand, quartz, fine to very
fine, gray.

5.0 3/5/7 Sand, as above

7.0 Clay, sand 50%, quartz, fine
to very fine, gray.

10.0 2/3/3/ Clay, stiff, blue-green, HNu: 0.0 ppm

sand 15-20%, quartz, very
fine, scattered shell

fragments.

15.0 4/3/5 Clay, as above.

Terminated boring at 17 feet.

I
I
I
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WELL/BORING ID: MD9-5 DRILLING STARTED: 1350 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1415 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 5.11

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/14/86

SIGNATURE: WATER LEVEL DATUM: MSL

DFPTH INFEET SAMPLER PERCENT SAMPLE

BELOW L3. BLOWS EOOVERY ID SAMPLE DESCRIPTION NOTES

0 3/5/5 Topsoil and vegetation. HNu: 0.0 ppm

Sand, quartz, fine to very
fine, gray to black, organic
rich (vegetation decay).

3.0 Sand, quartz, fine to very
fine, brown to black,
organic rich (vegetation
decay).

5.0 3/3/4 Sand, quartz, fine to silt, HNu: 0.0 ppm
Clay 20%, plant material,
gray.

6.0 Clay, blue-green, stiff.

9.5 Limestone: weathered, tan
to white, fragmented.

10.0 Terminated boring at 10 feet.
Hole backfilled
with bentonite

to depth of 9.3
feet.

D-10
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WELL/BORING ID: i.9-6 DRILLING STARTED: 1310 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1330 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 5.43

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/14/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW L8. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 1/3/5 Topsoil and vegetation. HNu: 0.4 ppm
Sand, quartz, fine to very
fine, gray to black, organic
rich in upper foot (vegeta-

tion decay).

5.0 7/9/6 Sand, quartz, fine to very HNu: 0.0 ppm

fine, brown to black,
organic rich (vegetation
decay), coral fragments at
6.5 feet.

6.5 Sand, quartz, fine to very
fine, silty clay 20%, gray.

10.0 4/5/9 Sand, as above.

15.0 5/9/11 Clay, blue-green, sand 15%
quartz, fine, scattered

shell fragments.

Terminated boring at 17 feet.

D-11
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DRILLING RECORD
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WELL/BORING ID: M4D9-7 DRILLING STARTED: 1010 9/18/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1125 9/18/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split spoon

LOGGER: STATIC WATER LEVEL: 4.67

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/14/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTHIN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 1/3/7 Topsoil and vegetation. HNu: 1.0 ppm

Sand, quartz, fine to very
L fine, gray.

5.0 6/7/12 Sand; quartz, fine to very HNu: 1.4 ppm
fine, clay 50%, gray to
brown.

8.5 Sand, quartz, medium to

very fine, clay 50%,

abundant fine to medium
shell fragments, gray-
green.

10.0 4/4/7 HIu: 0.0 ppm

15.0 9/8/10 Clay, blue-green, stiff,
sand 15%, fine to very
fine, scattered fine shell
fragments.

Terminated boring at 17

feet.

I
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DRILLING RECORD
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WELL/BORING ID: MD1 3-1 DRILLING STARTED: 0955 9/17/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1025 9/17/86

PROJECT NO: ATO01 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.09

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN

FEET SAMPLER PERCENT SAMPLE
BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 2/11/13 Topsoil and vegetation.
Sand, quartz, fine to very

fine, gray, fill material.

5.0 Sand, quartz, fine to very
fine, tan.

10.0 2/5/7 Sand, quartz, fine to very
fine, tan to brown.

15.0 5/9/9 Sand, quartz, fine to very
fine, silty at 16.0 feet,
tan to brown.

20.0 5/8/8 Sand, quartz, fine to very
fine, slightly silty, tan
to brown.

25.0 5/6/9 Sand, quartz, fine to silty,
brown.

Terminated boring at 27 feet.

D
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DRIU.ING RECORD
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WELL/BORING ID: MD13-2A DRILLING STARTED: 1300 9/17/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1330 9/17/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.85

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN SAMPLER PERCENT SAMPLE
FEET PERCEE S ENOTES

BELOW LS. BLOWS RECOVERY ID

0 /2/7 Topsoil and vegetation; sand, HNu: 0.0 ppm

quartz, fine to very fine,
black, organic-rich (vegeta-
tion decay).

5.0 1/1/2 Sand, quartz, fine to very HNu: 0.0 ppm

fine, silty, brown to gray,
organic-rich (vegetation
decay).

10.0 1/4/3 Sand, quartz, fine to very
fine, silty, slightly clayey,
tan-to-whi te.

15.0 3/3/4 Sand, quartz, fine to very
fine, silty, slightly clayey,

gray.

20.0 Sand, quartz, fin to very
fine, clay 50%, gray. hammer

fell to 28 feet with no
resistance.

28.0 Limestone, weathered, white. Hole backfilled
with bentonite to

a depth of 14
feet, then grouted
to surface.

0-14
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PAGE OF 1

WELL/BORING ID: MD13-2B DRILLING STARTED: 1000 9/23/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1030 9/23/86

PROJECT NO: ATO01 DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Cuttings

, LOGGER: STATIC WATER LEVEL:7.85
rEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM:MsL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 T,)osci a!,- -egetation. HNu: 0.0 ppm

Sari, luartz, Tine to very
fine, az t- dark gray,
plant material.

4.0 Sand, quartz, fine to very

fine, gray.

5.0 HNu: 0.0 ppm

10.0 Sand, as above. HNu: 0.0 ppm

15.0 Sand, quartz, fine to very

fine, black to dark gray.

20.0 Sand, quartz, fine to very

fine, gray.

Terminate boring at 22.0

feet.
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DRILLING RECORD
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WELL/BORING ID: MD13-3 DRILLING STARTED: 1200 9/17/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1225 9/1 7/86

PROJECT NO: ATO01 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.58

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 2/3/5 Sand, quartz, fine to very HNu: 0.0 ppm

fine, brown to black,
organic-rich (vegetation
decay).

5.0 5/6/8 Sand, quartz, fine to very
fine, white to tan, slightly
si1ty.

10.0 2/4/4 Sand, quartz, fine to very

fine, white to tan.

15.0 3/4/9 Sand, quartz, fine to very HNu: 0.0 ppm
fine, silty, slightly
clayey, white to brown.

20.0 5/7/9 Sand, quartz, fine to very
fine, silty, slightly
clayey, gray.

Terminated boring at 22

feet.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 1 OF

WELL/BORING ID: MD17-3 DRILLING STARTED: 9/17/86

LOCATION: MacDill AFB DRILLING COMPLETED: 9/17/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.71

GEOLOGIST: W. J. Duncan WATER LEVEL DATE: 10/13/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVEY ID SAMPLE DESCRIPTION NOTES

0 9/12/10 Topsoil and vegetation.

Sand, quartz, fine to very
fine, white to gray.

5.0 6/9/7 Sand, quartz, fine to very
fine, brown, organic-rich
(vegetation decay).

10.0 5/5/6 Sand, quartz, fine to very

fine, white to brown.

15.0 8/10/16 Sand, quartz, fine to very
fine, silty, white to brown.

16.0 Sand, quartz, fine to very

fine, silty, brown.

20.0 8/8/16 Sand, as above.

Terminated boring at 22 feet.

I
I
I
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DRILLING RECORD
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WELL/BORING ID: M17-4 DRILLING STARTED: 8-13-87

LOCATION: MacDill AFB DRILLING COMPLETED: 8-14-87

AT001Hollow Ster

PROJECT NO: AT001 DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Grab

LOGGER: STATIC WATER LEVEL:

GEOLOGIST:.s. Bonne WATER LEVEL DATE:

SIGNATURE: WATER LEVEL DATUM:

DEPTHIN SAMPLER PERCENT SAMPLE
BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 Sand - very fine, black, Top soil 0-.5'.

some silt, trace organics. Photo Vac TIP

0 ppm at 1'.

.05 1 Sand - very fine to fine,

gray, little silt.

3.0 Sand - very fine, brown.

5.0 2 Photo Vac TIP

0 ppm at 5'

7.0 Sand - very fine to fine,

tan.

10.0 3 Photo Vac TIP =

0 ppm at 10'.

15.0 4 Photo Vac TIP =

0 ppm at 15'.

18.5 Boring Terminated at 18.5

feet.
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DRILLING RECORD
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WELL/BORING ID: MD23-7 DRILLING STARTED: 1505 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1540 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Srlit Rpoon

LOGGER: STATIC WATER LEVEL: 5.42

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/16/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN SAMPLER PERCENT SAMPLE
FEET SAMPLE DESCRIPTION NOTES

BELOW LS. BLOWS REOVERY ID

0 15/4/4 Fill material: sand, quartz HNu: 0.1 ppm

fine to very fine, limestone
fragments. Sand, quartz,
fine to very fine, gray to
brown.

1.0 Sand, quartz, fine to very
fine, dark gray.

5.0 4/6/8 Sand, quartz, fine to very
fine, slightly clayey, gray.

10.0 7/10/9 Sand, quartz, fine to silt, HNu: 0.0 ppm

clay 40%, gray to blue-
gray, glauconitic.

15.0 4/6/8 Clay, gray-blue to green,

glauconitic and phosphatic,
sand 30-40%, very fine to
silt, shell fragments at
19.0 feet.

20.0 6/6/8 Clay, blue-green, glaucon-
itic, sand 50%, medium to

very fine.

Terminated boring at 22 feet.
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DRILLING RECORD
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WELL/BORING ID: MD23-8 DRILLING STARTED: 1005 9/22/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1030 9/22/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 2.35

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/16/86

SIGNATURE: I WATER LEVEL DATUM: MSL

DFEET SAMPLER PERCENT SAMPLE
BELOW LS. BLOWS RE RY ID SAMPLE DESCRIPTION NOTES

0 1/2/3 Topsoil and vegetation. HNu: 0.4 ppm
Sand, quartz, fine to very
fine, gray to dark gray,

plant material.

5.0 3/8/8 Sand, quartz, fine to very

fine, clay 10-15%, light
brown to gray.

10.0 6/7/9 Sand, quartz, fine to very
fine, gray, slightly ciayey.

15.0 6/7/11 Sand, as above.

20.0 Sand, quartz, fine to very HNu: 0.2 ppm

fine, clay 20%, black with
gray streaks.

21.0 Sand, quartz, fine to very HNu: 0.4 ppm
fine, clay 40-50%, blue-
gray.

Terminated boring at 22 feet.

D-20



ENGINEERING-SCIENCE

DRILLING RECORD
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WELL/BORING ID: MD23-9 DRILLING STARTED: 0930 9/22/86

LOCATION: MacDill AFB DRILLING COMPLETED: 0955 9/22/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 4.13

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/16/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 2/1/2 Topsoil and vegetation. HNu: 0.3 ppm

Sand, quartz, fine to very
fine, plant material, gray.

4.0 Sand, quartz, fine to very
fine, brown, calcite cement,
shell fragments.

5.0 3/5/5 Sand, quartz, fine to silt, HNu: 0.2 ppm

clay 5-10%, gray to brown.

10.0 3/4/5 Sand, quartz, fine to very

fine, clay 5%, gray.

12.0 Sand, quartz, fine to very

fine, clay 50-60%, gray-
blue.

15.0 2/2/3 Sand, quartz, fine to silt, HNu: 0.1 ppm

clay 50-60%, shell fragments,
quartz pebbles, scattered
heavy minerals, calcareous
clay.

Terminated boring at' 17 feet.
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ENGINEERING-SCIENCE

DRILLING RECORD
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WELL/BORING ID: MD23-10 DRILLING STARTED: 1415 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1445 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 6.93

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/16/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS ECOvERY ID SAMPLE DESCRIPTION NOTES

0 2/2/6 Topsoil and vegetation. HNu (hole): 6.8
Sand, quartz, fine to very ppm; HNu (sample):
fine, gray to dark gray. 0.0 ppm.

5.0 3/3/6 Sand, quartz, fine to silt, HNu (hole): 0.0
clay 40-50%, gray to dark ppm; HNu (sample):
gray, organic rich (vege- 0.0 ppm.
tation decay).

10.0 3/3/4 Sand, quartz, fine to silt,
clay 30%, calcareous,
abundant shell fragments
(up to 5 mm diameter) and
heavy minerals.

15.0 3/6/9 Sand, quartz, medium to silt,
clay 50%, galuconitic, snell
fragments, gray-green to blue
green.

Terminated boring at 17 feet.
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WELL/BORING ID: MD23-11 DRILLING STARTED: 1330 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1355 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 5.33

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/15/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 1/1/1 Topsoil and vegetation. HNu: 0.0 ppm

Sand, quartz, fine to very
fine, plant material, gray.

3.0 Sand, quartz, fine to very
fine, abundant shell frag-
ments, few quartz pebbles,

calcite cement.

5.0 3/3/3 Sand, as above.

6.0 Sand, quartz, fine to very
fine, shell fragments, gray.

10.0 4/4/4 Sand, quartz, fine to silt,

clay 20-30%, gray to blue
gray, shell fragments up to
20 mm (longest axis).

15.0 1/2/5 Sand, quartz, fine to very
fine, calcareous clay 30-40%,

abundant shell fragments and
heavy minerals.

19.0 Clay, blue-green, very stiff,
abundant quartz, well rounded
to subangular pebbles, shell
fragments 1-20 mm (longest
axis).

20.0 3/3/4 Clay, as above.

Terminated boring at 22 feet.
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DRILLING RECORD
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WELL/BORING ID: MD23-12 DRILLING STARTED: 0905 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 0940 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.21

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/15/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH INFEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 2/2/5 Topsoil and fill material: HNu: 0.1 ppm

sand, limestone fragments,

brick fragments. Sand,

quartz, fine to very fine,

gray.

5.0 5/5/6 Sand, quartz, fine to very

fine, gray.

6.0 Sand, quartz, fine to very

fine, clay 30-40%, plant

material, gray-green.

8.0 Sand, quartz, fine to silt,

slightly clayey, gray.

10.0 4/6/8 Sand, quartz, fine to silt,

clay 20%, blue-gray.

15.0 4/6/5 Sand, quartz, fine to very HNu: 0.0 ppm

fine, slightly silty, clay
10-15%, gray to blue-gray.

20.0 2/2/2 Sand, quartz, fine to' silt, Hole backfilled
clay 30%, scattered rounded with bentonite

quartz pebbles, abundant to depth of 15
limestone, shell, and coral feet.
fragments.

Terminated boring at 20 feet.
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WELL/BORING ID: MD23-13 DRILLING STARTED: 1030 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1055 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 7.52

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/15/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTHIN SAMPLER PERCENT SAMPLE
FEETNOE

BELOW LS. BLOWS RECOVE ID SAMPLE DESCRIPTION NOTES

0 Topsoil and vegetation. HNu: 0.3 ppm
Sand, quartz, fine to very
fine, gray.

5.0 3/3/3 Sand, quartz, fine to silt,
abundant shell fragments

up to 8 mm (longest axis)

clay 5-10%.

7.0 Sand, quartz, fine to very
fine, dark gray.

10.0 5/6/7 Sand, quartz, fine to silt,

slightly clayey, gray.

$ 15.0 6/9/5 Clay, blue-green, very stiff,
scattered brown (limonitic)
streaks.

Terminated boring at 17 feet.
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DRILLING RECORD
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WELL/BORING ID: MD23-14 DRILLING STARTED: 1100 9/19/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1137 9/19/86

PROJECT NO: AT001 DRILLING METHOD: Auger/Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 6.99

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/15/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 1/2/3 Topsoil and vegetation. HNu: 0.0 ppm
Sand, quartz, fine to very
fine, gray.

3.0 Sand, quartz, fine to silt,
abundant shell fragments,
clay 20%, brown to gray.

5.0 4/5/4 Sand, as above.

10.0 4/5/5 Sand, quartz, fine to silt,
clay 30%, scattered shell
fragments up to 3mm (longest

axis), gray.

15.0 3/3/4 Sand, quartz, fine to silt,
slightly clayey, abundant
scattered shell fragments
and heavy minerals.

Terminated boring at 17 feet.
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WELL/BORING ID: MD23-15 DRILLING STARTED: 1105 9/25/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1130 9/25/86

PROJECT NO: ATO01 DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Cuttings

LOGGER: STATIC WATER LEVEL: 5.55

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/15/E6

SIGNATURE: WATER LEVEL DATUM: 11SL

DEPTH IN

FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 Topsoil and vegetation. HNu: 0.0 ppm
Sand, quartz, fine to very

fine, plant material, gray.

4.0 Sand, quartz, fine to very
fine, clay 30%, scattered

shell fragments <1mm to 5mm

(longest axis), tan.

5.0 HNu: 0.0 ppm

8.0 Sand, quartz, fine to very

fine, clay 10%, silty,
sparse shell fragments.

10.0 HNU: 0.0 ppn

15.0 Clay, no sample recovered.
Auger cutting very slowly.

Terminated boring at 17 feet.
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WELL/BORING ID: MD23-D1 DRILLING STARTED: 1130 9/29/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1345 9/29/86

PROJECT NO: ATO01 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split spoon

LOGGER: STATIC WATER LEVEL: 2.00

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

li DEPTH IN
DFEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 8/9/4 Fill material: sand and HNu: 0.0 ppm
limestone fragments.
Sand, quartz, fine to very
fine, gray.

5.0 2/4/6 Clay, gray to dark gray, HNu: 0.0 ppm

sand 30%, quartz, fine to

silt, plant material.

10.0 7/4/4 Sand, quartz, fine to very HNu: 0.0 ppm

fine, clay 30%, light gray.

15.0 3/5,18 Sand, quartz, fine to silt,
very silty, clay 30%, gray

to gray-brown.

20.0 3/4/4 Silty sand, as above.

25.0 4/9/10 Sane, quartz, fine to silt,

very silty, clay 20-30%,
gray.

30.0 7/9/86 land, quartz, fine to silt,
cemented and hard, scattered
qua-tz pebbles, clay con-
cretions, and limestone
fragments.

35.0 5/12/20 Clay, blue-green with d rk
gray to black streaks, sand
10%.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 2 OF 2

WELL/BORING ID: MD23-D1 DRILLING STARTED: 1130 9/29/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1345 9/29/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 2.00

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTHIN SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

40.0 4/4/3 Clayey silt, clay 15-20%,
gray to tan.

45.0 4/5/5 Clayey silt, clay 20%, gray
to tan, slightly sandy, very
fine, some sand grains

cemented.

50.0 100/0/0 Limestone, highly weathered
and fragmented, white to
cream.

63.1 Limestone as above.

Terminated boring at 63.1 feet
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 1 OF 3

WELL/BORING ID: MD23-D2 DRILLING STARTED: 1210 9/30/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1700 10/2/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.76

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/19/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET SAMPLER PERCENT SAMPLE

BELOW LS. SLOWS REOOVERY ID SAMPLE DESCRIPTION NOTES

0 1/1/5 Sand, quartz, fine to very HNu: 0.0 ppm
fine, gray to dark gray,
plant material.

2.0 Sand, quartz, fine to very
fine, brown with dark
streaks, slightly clayey.

5.0 3//5/10 Sand, quartz, fine to very HNu: 0.0 ppm
fine, dark gray to dark
brown.

10.0 6/7/8 Sand, quartz, fine to silt,

clay 10%, gray-brown.

15.0 1/2/3 Sand, quartz, fine to very HNu: 0.0 ppm

fine, clay 5-10%, black to
dark gray, decaying plant
odor.

19.0 Clay, gray to dark gray,
40% shell fragments <1 to
7 mm (longest axis), sand
15-20%, quartz, medium to

fine.

20.0 4/2/1 Clay, as above.

25.0 3/3/3 Sand, quartz, medium to
very fine, scattered shell

fragments (<4mm diameter)
and heavy minerals, slightly
clayey.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 2 OF 3

WELL/BORING ID: MD23-D2 DRILLING STARTED: 1210 9/30/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1700 10/2/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.76

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/19/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
FEET 

NAMPLER 
PERCENT SAMPLE

BELOW IS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

29.0 Clay, blue-green, very
stiff, slightly sandy.

30.0 2/6/7 Clay, as above.

35.0 6/11/15 Clay, blue-green to blue- HNu: 0.0 ppm

gray, sand 40%, quartz,

medium to very fine, scat-
tered cement, very stiff.

40.0 13/24/29 Clay, as above, sand 50% HNu: 0.0 ppm

45.0 12/15/18 Sand, quartz, fine to very

fine, clay 40%, scattered
shell fragments, blue-gray

to blue-green.

50.0 Clay, cemented, scattered

carbonaceous material, very
hard and brittle, blue-
green laminated 1-3mm thick.

55.0 Refusal Cemented clay, as above.
after 50

blows pel-

etrated
<1 inch

60.0 50 blows Limey clayey sand, sand 40%,
penetra- fine to very fine, clay 30%,
ted 4 some calcium carbonate
inches cement, tan with dark streaks.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 3 OF 3

WELL/BORING ID: MD23-D2 DRILLING STARTED: 1210 9/30/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1700 10/2/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.76

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/19/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN

FEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

65.0 5/23/0 Limey clay, tan to blue- HNU: 0.0 ppm

gray, silty, slightly sandy,
scattered carbonaceous mate-
rial, organic decay odor.

70.0 50 blows Limey silt, buff, scattered
penetra- limestone fragments.
ted 6
inches.

75.0 50 blows Limestone, weathered, buff
penetra- to light gray, silty,
ted 6 slightly sandy.

inches.

60.0 Limestone, fossiliferous, Samples at 80
white, sparse cherty to 90 feet
fragments. obtained by

cuttings.

85.0 Limestone, slightly sandy

and clayey, white to buff.

90.0 Limey silty clay, white.

Terminated boring at 90 feet.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 1 OF 2

WELL/BORING ID: MD23-D3 DRILLING STARTED: 0915 9/30/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1200 10/2/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.85

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86
SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH INFEET SAMPLER PERCENT SAMPLE

BELOW LS. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 2/2/4 Sand, quartz, fine to very HNu: 0.0 ppm
fine, plant material, light
gray to black.

5.0 4/5/8 Sand, quartz, fine to silt, HNu: 0.0 ppm
silty, clay 20-3-%, gray,
scattered plant material.

10.0 2/2/5 Sand, quartz, fine to very HNu: 0.0 ppm
fine, clay 5%, shell frag-
ments u to 10mm (longest
axis), scattered subrounded
quartz pebbles and heavy
minerals, brown, calcareous.

15.0 3/4/5 clay, blue-green, very
stiff, brown streaks.

20.0 8/14/17 Silty clay, slightly sandy, HNu: 0.0 ppm
gray to gray-brown, brown-
red streaks, stiff, very
dry.

25.0 4/12/18 Silty clay, sand 30%, HNu: 0.0 ppm

quartz very fine, gray to
to blue-gray, stiff.

30.0 11/22/31 Silty clay, sand 30-40%, HNu: 0.0 ppm
quartz, scattered silica

cement, gray to gray-blue,
stiff.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 2 OF 2

WELL/BORING ID: MD23-D3 DRILLING STARTED: 0915 9/30/86

LOCATION: MacDill AFB DRILLING COMPLETED: 1200 10/2/86

PROJECT NO: AT001 DRILLING METHOD: Rotary

DRILLER: Diversified Drilling SAMPLING METHOD: Split Spoon

LOGGER: STATIC WATER LEVEL: 1.85

GEOLOGIST: A. Scott Yankey WATER LEVEL DATE: 10/17/86

SIGNATURE: WATER LEVEL DATUM: MSL

FEET SAMPLER PERCENT SAMPLE
BELOW LS BLOWS RECOVEY ID SAMPLE DESCRIPTION NOTES

35.0 16/46/40 Limey clay, sand 40%,
quartz, fine to very fine,

limestone fragments, buff
to ligt gray.

40.0 50 biows Weathered limestone, cream No sample
penetra- to white, fragmented, fos-
ted 1 inch siliferous.

45.0 34/14/16 Limestone, silty, sand 10-
20%, quartz, fine to very
fine, fossiliferous lime-
stone fragments up to 15mm
(longest axis).

50.0 20/42/29 Limestone, sand 30-40%,
quartz, fine to very fine,
clay 10-20%, limestone frag-
ments <1mm to 10mm diameter,

cream to light gray.

55.0 5/10/11 Limey silty sand, sand 60%, Lost some
quartz, fine to silt, clay drilling fluid.
20%, limestone fragments
20%, <1mm to 3mm diameter,

light gray to buff.

Terminated boring at 55 feet.
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE 1 OFi

WELL/BORING ID: AP-6-4 DRILLING STARTED: 10/6/86

LOCATION: Avon Park Site 6 DRILLING COMPLETED: 10/6/86

PROJECT NO: AT001 DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Cuttings

LOGGER: STATIC WATER LEVEL: 55.39

GEOLOGIST: W. J. Duncan WATER LEVEL DATE: 10/28/86

SIGNATURE: WATER LEVEL DATUM: MSL

DEPTH IN
ET SAMPLER PERCENT SAMPLE

BELOW I.S. BLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0.0 Topsoil Dry
Sand, quartz, medium to fine,
white to gray, slightly silty,

some organic (vegetation)
material.

5.0 Sand, quartz, medium to fine, Damp
clay 15%, silty, brown to
gray.

10.0 Sand, quartz, fine to very Wet
fine, clay 40%, silty, gray-
brown.

15.0 Sand, quartz, medium to fine, Wet
clay 40%, silty, gray-brown.

17.0 Clay, very sandy, sticky,
gray-green.

20.0 Clay as above.

Terminated boring at 20 feet.

D

I
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ENGINEERING-SCIENCE

DRILLING RECORD
PAGE OF

WELL/BORING ID: AP7-4 DRILLING STARTED: 10/7/86

LOCATION: Avon Park Site 7 DRILLING COMPLETED: 10/7/86

PROJECT NO: AT001 DRILLING METHOD: Auger

DRILLER: Diversified Drilling SAMPLING METHOD: Cuttings

LOGGER: STATIC WATER LEVEL: 59.39

GEOLOGIST: w. J. Duncan WATER LEVEL DATE: 10/28/86

SIGNATURE: WATER LEVEL DATUM: MSL

! DEPTH INFEET SAMPLER PERCENT SAMPLE
r BELOW S. SLOWS RECOVERY ID SAMPLE DESCRIPTION NOTES

0 Topsoil and vegetation.

1.0 Sand, quartz, medium to fine, Dry

silty, organic vegetation,
black-brown.

5.0 Silt, organic rich (vegeta- Wet
tion), sand 15%, black.

10.0 Sand, quartz, medium to fine, Wet
silty, clay 20%, black.

16.0 Sand, quartz, medium to fine, Wet
silty, slightly clayey, gray-
green.

20.0 Sand, as above. Wet

Terminated boring at 20 feet.
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WELL COMPLETION REPORT DRILL METHOD
Owner'sName Engineering- Science I JRotary [ ICaeTool I bet l)Auger Other-
permit Num" 4206 '11 MD9-5 Meured Static Waer Level Ft.
x ./ / . 1.. , {.Z9-25-86 Measured Pumping Water Level -__Ft.
Water Well Cart tu' Oigature Completion Date After -___ Hors At -___ G.P.M.

LicenseNo.- 1 32 MeasuringPt.(Ocrbei top Of casinQ
Which is 2. t. Fi Above I Below Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or smaller intervals

(Ft.1 and at changes. Give color, grain-wize and type
Types Diam. (in.) From (Ft.) To (Ft.) E of materil. Note any cavities. Indicate producing

T 0 zones. Attach additional theets if necesary.
PVC 2 -4 +2.5 ._
PVC Screen 2 -14 -4 0 .5 Top soil and vegetation

.5 5 Sand, quartz, fine to very fin?,
_ _gray to black. organic materia

Neat Cement No. of Bags From (Ft.) To (Ft.) _near top (veaetition decay )

Hole plug 1.5 -3 -2 5 6.5 Sand, quartz, fine to very fin,
Sand 5 -14.5 -3 lbrown to black, orqanic (veget tio:

IRON:-ppm SULFATES..ppm CHLORIDES:-ppm _decay) rich coral fraqments on top
FINISH:screen: 10 (Ft.) OpenHole: (Ft.) _ of claver sand

6.5 12 ISand. ouartz. fine to silt, cl y

WELL LOCATION .. _0 ara
__ ,.__ Yi of SectionA 34 12 17 Clay. blue-green. sand fine to ver,

I r- - -fine 
1 5 %

spare cattre sh .iiW [ [-7 fragments
Township IN-S) Range (E-W) Locate in Section 17 terminatin

Latitude = EZ N O -___________________

Dog. Min. S. my be

Longitude Wi LU LI jDriler's Name Bobby Ti, ley

Please complete in black ink or type Form No. 25-t-S/3
WELL COMPLETION REPORT DRILL METHOD
Owne'sNm@En ineerin -Science I IRotary I ]CableTool I ]Jet IdAuger Other
Permit N , 2 1 MDg-7 Meamured Static Water Level - + Ft.

9-24-86 Measured Pumping Water Level - + - -Ft.
Water Wll Con or g'ature Completion Date After __ Hour At - G.PM.

Lcose No. 1 _2 MeasurngPt.(Describe): top Of Casi11o
Which ,, 2 . 5 Ft. IX Above I I Blow Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Examine cuttings at 20 ft. or malle intervals

and at changes. Give color, grain-sile and type
Types IDiam. (In.)I Fru.. (Ft.) To (Ft.) o f material. Note any cavities. Indicate producing

25 -- zones. Attach additional sheets if necelaryPVC 2 -4 +2.5 u
PVC Screen 2 -14 -4 0 .5 top soil and vegetation

_ _.5 5 sand, quartz, fiie to very fin gr,
5 8.5 sand. quartz, fine to silt, cly

Nat Cement No. of Bags From (Ft.) To (Ft.) 1-50%, gray to brown
Hole plug 1 -3 -2 8.5 17 Clay, gray-green to blue-_ sa
Sand 5 -14.1 -3 _ 15-40%. very fine to medium,

IRON:_ppm SULFATES:..Ippm CHLORIDES:_.ppm scattered shell fragments
FINISH: swnm:_10 (Ft.) OpenHole:. _(Ft.) 17 termination

WELL LOCATION 
__ _

_YJof Y of Section 34_ 
_ _ _Hii - -__--i----

Township (N-S) Range (E-W) Locate in Se ion

Latiude [II] LII L I NOptionalDog. Mn Sv. mybe
lnitude FTI [II7 [JwT e I- 

__ _ __1__

"-,p,-- EI ET1 == rwad

. Dril3erN7e Rnhhy linr Jy
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WE LL -COM P L ET-ION"RE'PORT DRILL METHOD
Owneirs Nan" Engineering-Science I I Rotary I )Cable Tool I )Jset kiAuger Other

PriN *r_ 263aMD9-4 Measured Static Water Level -___ * -___ - _ Ft.
Pemi 2Nu if-I7 //. 9-24-86 Masured Pumping Water Level__-_*__ __Ft.

Wae al oticPI S gLT Completion Dolte After__-_ Hours At -___G.P.M.

Licenae. 723 _______________ Measuring Pt. (Describe): to0P of casing
which .~ 2 .5 Ft.~ Above IIBelow Land Surface

SURFACE CASING. CASING
AND INERMATEIAL:Depd Examine cuttings at 20 It. or ornalle intervals

Ftl and at changes. Give color, grainnsize and type

fTypos Diam. (in.) From (Ft.) To (Ft. Of material. Note any cavities. Indicate producing

PVC 2 -4 +2.5 nU.eI.e-

pvc Screen 2 -12 -4 0 .5.top soil and vegetation
.5 7 Isand, quartz, fine to very fin , gr

[ ______7 17 clay, stiff, blue-green.-.l5-5)%

Hole plug 2 -3 -2 17 _ termination

sand 4 1-22.2 1-3 _________

IRON: *....ppm SLJLFATE~S..ppm CHLORIDES:_.ppm____

FINISH:Saroen; 8 (Ft.) OpenHole: _____(Ft.)

WELL LOCATION-
'A-. Y of Section 34.. -

Township (N S) Range (E-W) Locate in Section

Letiude Dog. Min Sec. may L _ __ _ _ _ __ _ _ _ __ _ _ _

Longitude LJ []Driller' sName Bobby Tinsley

Please complete in blacA inA or type Form No 25-19 $193

WELL COMPLETION REPORT DRILL METHOD
Owrner's Nan" Engineerin;-Science I IRotary [ ICabe Tool I ]Jet ]'Auger Other -

Permit NUm7e /7264 !.:9- Measured Static Water Level____ ______ Ft

X9-24-86 Measured Pumping Water Level _____ _ F ___F
Water Wall Coritraj Sv/ie Completion Date After ___ Hours At ____G.P.M.

Liscenser No 32 Measuring Pt. (Decribe): top of casip2
Which is 2 . S Ft. RIJ Above [ I Below Lend Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth~ Examine cuttings at 20 ft. or uitaller mtnierials

IFt.l and at chianges. Give color, grain-size and type

Types Diam (In.) t F rom (F tI To (Ft) E o atestrial. Note any cavities. Indicate producing
______ I0 zones. Attach additional sheets Ff nieccuIV

IPVC 2L -4 +2.5 i __________

PCScreen 2 -9 -4 0 .31top soil and vegetation

.3 3 sand, quartz, fine to very fine,.

NestCentent- No. of Sags From (Ft.) To (Ft) (yegetation decay)
,Hole plug 1 -3 -2 3 6 -sand, quartz, fine to very fine

ISand 3 -9.3 -3 brown to black, rich in organic

IRON:.....ppmn JLFATES:..ppmr CHLORIDES... ppm (vegetation decay) mater ial

FINISH:swen:. 5 (Ft.) OpenHole:_____(Ft.) 6 19.5 sand, quartz, fine to silt, c a
________________________________,20%, gray, sparse plant materia~i

WELL LOCATION 9.5 10 clay. blue-green

._.......j iofSecton 34 10 _ termination

TowMs (N-S Rang, IEn Filled hole to -9.3' witn- -.

LinnhpI-)Rne I-) oomtein Section lbags of holeplug (bentonite)
Latitude WT =I WIL N7 Optional

Deg. Mtn. may be

LengwdeLIZ III [I] r~iwe Ocer, Narm Bobby Tinslev
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Wo uLLL Lk~I~t'rLI I I UIV tLtI'Uh L'tt.LL ililL I I1%UL
~ N Eriy I nec r iny-Sc iotnce I "11iWY~ I I .ot T IKI 1.6-1 \ ... Ott.-

Permiot N.mb.t# .420M~-14 mD2 3-13 Mbsd bai. A.I L .-e - Ft

x (~~~~~/ ~9-25-86 M.,rdum.i tr eM ______-

~.atirr b~~It ~C~.- ,i,tfin DJ,i Atior, h toujrs At _ __ G P M

'232 F*Idsu'v p, (Debcrtbito ca n
Loceriw No _) O a i

ir' I Ab~ove Belowr Latimn S..riace

SURFACE C AS I N ( C A :.C Ixmequ1na 0f ,ande iev

AND LINER MATERIUAL th Eaoeutrga 0t rsalo moiv.
__________________ -- - - ~ ~ and at chtanges Give cOt.., grairl-Iiie aird typec

I~~~o .r, . ~ * * ~o mlto~af Note any cavitiovi Irodicate peid,

PVC F~2-4 T2 +.5 oeAta.adIra Eei rtrr

PVCf S creen f2 -14 I-4 0 .;top soil and vegetation-
.5 (21 nd, fine to very fine, quarltz,

To Fi . 2 ga y

N et Cem ent N. of t. ,r n, Ft 1 'L7 sand, quart z, _ i-n _ _I-hole plug _1 -3 i-2 L - abundant -shell f ragment -s up
san--j- 8mmr diameter, clay -5-10%

IRON~~~ppm~ 1~FAE p HOIE 7 15 sand, quartz,,fine to veryfine,

FINISH: Screen .(F t1 Ow nHodcvAn ry lgtycae
-15 17 clay,_blue-green, very stiff,

WELL LOCAT ION -~7f ]ibrown streaks scattered

Y. Y. of Sec loon 21 117 - termination

rT2 LF01 1_71 F ZI1 - __ __ _ __

Township (N S) Range 1E-bW) Locate in Section

Latitude =] LZ LIZ N

Dag. M. Se ma be
Longitude [111 [quired Dorilar's Name Bobby Tinsley

Please cuniplete in LI-* ~Fr, o2 I~I

WELL COMPLETION REPOHi DRILL METHOD
OeeNa Enineering-Science I I otary I 1CabdeT.,l I IJ-1t ]Auger Cloth"

P er it N m e m _ ,2 ' - 1 4- M e dinu rio S tatic V lr~ Lue vel -_ _ - - - _ Ft

x -5B Mftdsured pumping Wat~ ered_ __ _ _- t
Water all Cunt D-,,n~ Ate __HoursAt -G Prcsn
i icens, No 2 Mpasut.ng Pt T~tmcribe( __ -

vrnni,~ ~ t II Abtove; 8bedow Lamr; ,~oi,.

SUHFACF CASIN': cs
AND LINER MAIl IL fl Et ittit 1 tt,t t .'wx . ierv.,

at ndr at changes G:t CUII., gfra.. rVI.-
S-- ~of materiat Note t r., 0 ca- .d.es ,,u Odo,

v __________ c,~ zones Attal' ad,1t...al si-ects 0

PVC 2 -4 +2.5________

PVC Scrccurl 2 -14 -4 C0 .5 tpsoil anJ veqgotation
5 3 .5 sand, quartz, fine to very fir:e cj

3 17 sand, quartz, fine to silt,

Nt Cement N,, (it U.-j. T... .t J~: i ant shell fragments brown to}~a

H1ep~ 1i -P13-3 - green, abun, ,nt scatterea h~e a -i e

sand 5 -14.2 1- 3 1 5-l- 7 -',_ clay 20-310%
IRO ppn SLI-tI prr.CHEIFIOL , -~,17 Termination

IRO _________pp___ 0 ID _ w,

FINISH: Screene - IFIA Open Hole ___ (F1

WELL LOCATION _ - ___

-A4o Secton 21

Towniitep (N -S) Range (E -W) Locate in Sectiont.

Latitude [lIZ [=i [=IZ N7 Optioonal
Dog Moin. Soc toy be_ _ _ _ _ _ __ _

Longitude [lIZ [orI a111d Driller's Nom" BoLby Tinsley ____

D-39



a. L. %U.Jl I . .. .. I~ I ,I I L I -a. ~L V I a .,

Owner'sNamr Engineering-Science Roe IW I WK vt LX I A. Otta,
o20609-4 MD-1Permit Numt,-r - Ma..judu Static Vvatio Lev~il - Ft__

I ocensw No 32 Pa~taP lDabibel 0~ of ca.i ng ___

i ~ , o .n~c is S I Abcive! Below L al Su, Iact
SURFACE CASIW (CASI,
AND LINER MATERIAL k wv Iama,ii.. c.failp at 23 It to uaslar.,a

1o m ~waterial Note env cav'l"e. I JCaa.e

1 soi and vegeatin_
P_ 4 rX a n 4 J19 -4- .5 jt soil-- __aio-

________.5 3saT~uatz fine to very fide,
-- 1 e r 1-

Ninq~m~t N. u&.j. U,.m (t.' 1.A' 3~ snd ine- to vezjy fine abund~ rt
Holeplu~g -2 1 -3J 2 shells - and fragments -

Sand 75 l193 6  j i3 -6 19 angrtz, fine to silt, c' ay
IRON _ppmn SULFA7ES -pp CHLORIDES ppm I - - _20-40%gray to blue gray, abi rdar.

FINISH:sc~e.n - IS -IF.i Op - (H) j shell-fra~gments 3-20 mm Ion e t
- - - axis. er calcarecu;sjheavr in..

WELL LOCATION abundant 15-17'
21h~ofScao~L clay, gray-green to bl ue ree.r

-veriy stI-ff. AbLur dant quartz w(1
E3E a EJT@ E 1nnje3-oe!:tles nd shiell flr&a --ert

Township (N-SI Range IE VV) Locaitem. Section

Latitude E] IZN ~. j~ ~27~ in
Longtude[]J III ii ~'~'~Drolle'Name bobty Tirsley ____

Plejs,. C0111pittL' mf tIA P II'A of~ r, I'For,, No ZtIS11 $113

WVELL COMPLETION REPORT DRILL METHOD
0wn~s~m. Engineering-Science IHt ~~~o e ~ ~n__

O nrsN m - --- - - - - -- I 1k lrv I___~o ILe XAuw 0h

Permit N ~be, 0610- 'E2 3- 1- Mesu.red Stac ftater Level Pt___*____

il ater o~il Contri~ . t, Co0-0,r.. D- After _______ At un(t( P M

License No '1 2 M~onPi(D rbe) TOp of LJin
N h 'Ch-~ 1 AbOtr LA e ol.OW L A .0 S.~ra.

SURFACF CASNf(*. C AT %,
AND LINER N4T EHIAL E' (aam-r(v curt-tnge at 20 it o, anralto i

t I and at change iv col-, iva ~~~5.4..lp,~ -~ - --- ' - - I of mater..i Nu,ea d ,v1 t ~. .. . ..

PVC T 2~- +2.5 ne
-PVC ScIeel.1 2 -2 -5 - 0 .-5 'top soil and fill materi1al-sarl

7 -1 I quartz, fine to very fire. r.r

-4frgmetsbrick fragments
Nest Cement N. ut Bep F'n jt 1 11 I-1 .5' 6 sand, guartz, fine to .- ry tint,

hole plug- - -2 1 43 _9_ I ray---
s and -6 1--3 j .sand,_quartz, f ine to- si It ,cl&

IRON .ppim SULFATH. -pp CHIo~or OR,,, -p 30-40%0 gray-green, plan~t ma. t ri a

FINISH: cre. i F.I Oppn Hue ______ 8.5 18 sand,-quartz, fine to sil-t, ol

- - - -- 10-20%, ray t _biue~ray_
WELL LOCATION 18 20 Isand,_quartz, fine to silt,_cl ay

__~__~.2oSct~on 21 30%, scattered pebbles of qua t

1well rounded, angular shell co
F1 i18i hEi fragments, 20%

Towp EN-S) Range (f-WI Locate InSectron 20 __termination

Waitd W =J NJ p filled with bentonite to total
Lonitude Du m ec eth-of 15'

L~fptde[I] IE W~jDriaeName Bobby Ti.,i,
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S L L kI' t I I 1I LI U i U. k IL L ML , I,-J"

Owne's Name Eny ih iL:,uri ny-Sciernce - i , ! J o. , I ti t, Oth,, , .. .um,-420605- g- MD23-7 M.,____ _.,L {f
Permit Numbe. 4_2 N 05M 2 - MeEOJ'ed Static Awafe, Lteel ___

4 asured Pumpny Water Level______

Wate Wel Cu r u npi et1- DCI, After -____ Hours At____

ic..,,3 - ,,r.b, -opo G casing.cr N...... . ...1.32.. . . I.,,. _2 Meann (D c . ,b .i1 .,. ., s,,.

SURACEWh~ct is F *_.j Above ~ j~~vL al-a rfac.SURFACE CASING, CASING f
AND LINER MA1ERIAL: Dept.

fE1 l F and at changes Give Color, groir,..ize and type

D,.- f.i.. Fn, (Ft 1. of mat,'al Note any awit,, lnd .g! p.uhuC,,
"1 P-, 1 0.. = . zones Attach add tiar l ts - Of not.er .P v c 2 + s ! - ? s 31 , . '

PVC Screen 12 -15 -57 0 .5 fill-sand, quartz, fine to ver'

____ 7fine, limestone fragments j
]R;t i-.51 sand, quartz, fine tovery fin

NM I Cement Nu. of IHap F,o (F t 1 o 0 F(F 'I) ra y to b rown
-hl plg -- 1 5- sand,quartz, fine-to - very fi

-ad --_ 6---_1- ---- darks gray ..

n SULFES ppm CHLORIDES 0 sand, quartz, fine to very fin ,

FINISH: Screen J - (Ft ) OpenHlt _- (Ft slightly clayey5-6, gray
10 15 sand,_quartz,fine to silt, clay

WELL LOCATION . ... _.40-50%, gray to blue-gray gl ucon;

' .__ of eton 21 15 20 clay, gray-blue to green, glauconit

sandv 30-40%, very fine to silt,

30 [E shell fragments4 10rm. diameter at _
Township (N.S) Range (E W Locate in S r-or 20 22 sand, medium-yen, clay-50%,
Latitude F-- [:1 L 2.., N ganconitic

Dog. Min. Se rabe [22 Jtermination
Longitude [7 (7Dril's Name Bobby Tins ley

P/edSt' corp/ett, it? bl., -A ut tYipc For- No 25 18.5/23

WELL COMPLETION REPORT DRILL METOD
Owner's Name Eng ineering-Science I IR.I.- I ICaNT ool I ]jet [XAuge ter ___-

Permit Number 42060_ M2.3-8 Mesured Satic Walt Level_ _ 4 F t

~~6' ~~' - ~Measured Pumping Water Level-_______ F
Water Wef Cur o i./I-ae gS 

"  
Compiet.,n Ai, After - Hours At ___ GP

License No -" 32 Meinr,.gPt (osc.bes top O Casing

-- - Whucf, is __ . Ft j'jAbo, beil. Lan &-

SURFACF CASIrN, CASIt,._:
AND LINER MAIERIAL on ,,. C.1.,rx at 2 ,t oa l rm,,,,,

(Fti anw at changs ve cul,. griv-ezi rflJ

-U E of mdteral Note an, v ,

PVC - 2 -5 +2.5 5_ __'
PVC Screen 2 -15 -5 50 tco soil and veJtt.ton

,.5 5 sand, quartz, fine to very finE,

* _ _ _ __gray to Lark 9ray, plant mate al
Net Ce en, No oltigs Frf w,. JL I Tu f 15 10 sand, quartz, fine to very f i,

holeplug 1 =3.5 -2.5 cla 10-15,, liht brown to qr v
sand 6 -15.3 -3.5 20 *sand_,quartz, fij,, to very flne,

IRON -ppn SULF1 ES -ppm CHLORIOLS ppl L r.aY. Sn1p9tay cl I

FINISH:sce . -- IF I OpenHole - (Ft.) 0 21 sand, quartz, fine to silt LCay

10-20%_black with ray streaks

WELL LOCATION 21 22 sand quartz, fine to silt, -lay
% -Y ofSecti.on 21 , -50-60%, blue gray_

22 Termination

Toawntp (N.SI Range (E-WI Locate in Section

Dog. Mon. See. )may be
11tude L7 E J W13 wedDrill'er Name Bobby Tinsley

D-41



i0 4 .c LU m pIjJI t !- Ir LJI. . lilk U ,ii type. . -. . .

WELL COMPLETION REPORT DRILL METHOD
Owite'eNam Engineerinq-Science I )Rotary I JCae Tool I ]je t NIAuge, Other -

PermitNumber 420603-1 MD13-3 Masured Static Water Level - * - , - FI
x7, 9-23-86 Measrd Pumping Water LevelF
Water Wall Cnt, lure Completion Date After -__ Hours A __ G.M.
L seu.-No7. "132 Meauring Pt. Dacrtbe): t 0 o o f ca 5 i ng

wh.id,, 2 5 Ft.I Above I ow. Lend Surface

SURFACE CASING, CASING
AND LINER MATERIAL; oopth Examine culings at 20 ft. or smaller intervals

(Ft.l and at changes. Give color, grain-$ize and type
of material. Note any cavities. Indicate producing

Typs Diem. (in.) From (Ft.) o iFt.) runes. Attad additional sheets if neceuary.

PVC 2 -4.9 +2.5 _

PVC Screen 2 -19.9 -4.9 0 .5 sand, quartz, fine to very firK,
_black, vegetation

.5 2 sand, quartz, fine to very finE,

Ne Cement No. of Bags From (Ft.) To (Ft.) brown to black. organic rich

Hole plug 1 -3.9 -2.9 2 15 sand, quartz, fine to very fin

sand 7 -19.91 -3.9 white to tan, slightly silty

IRON:-ppm SULFATES:ppim CHLORIDES..ppm 15 22 sand, quartz, fine to silt.

FINISH: sen: _____S (Ft.) OpenHoie: (Ft.) sli htly clay
22 terination

WELL LOCATION
I__. of Sction 22 '

Township (N W) Range (E-W) Locate in Section

Lartitude W WOpiona
Dog Mn. Sac may beL~h~t~de suir.ed

Longitude Drtiler's Name Botby Tinsley

Please coniplete in black ink or trype For, No 25.If ,'3J

WELL COMPLETION REPORT DRILL METHOD
Owner'sName Engineerin(-Scierce I Rotary I JCableTool I ]Jet HAuger Other__

Permt Nunbe, 4206 '11 M:'13-1 Measured Static Water Level - 4 - Ft.

x 64-{,5,Z~J<119-22-S6 Measured Pumping Water Level F___ I__ __F

Water Well Cont ra rs ature Completion Date After __ Hours At __ G.PM

LicemseNo, T232 Measuring Pt. (Describe): Top of cas-;i:;
Which is 2 -5 Ft I(E.Ab ,I I Below Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: h Examne cut-ings at 20 ft , snaller ntervals

I)FtJ and of chnlis. Give colOr, grain size and tvpe

Dia (l.( rom(FtI IE of materil Note any cavities Indicate is-iductng
t Dim .... )n From (Ft _I To (FI 1 0 zones Atach additional sheetsf .iiece ,,PVC 2 -5 +2'.5 1I ..

PVC Screen 2 -20 -5 0 .5 top soil
.5 16 sand, quartz, fine to V-ry finr,

tanI to brown
NmetCemont No ofaa .. From (FI( To(Ft,) 16 27 band quartz, fine to silty, b-

Hole oluq 1 1 -3.8 2.6 lincreasing silt to terrinat:or

Sand 8 _J -20 1 -3.8271 terruination

IRON:_.ppm SULFATES -ppm CHLORIDES - pprm

FINISH: Screen: I S (Ft.1 Open Hole:- -. (Ft.)

WELL LOCATION
__ - -% oliscton.2..

Townsh INS) Range (E-W) Locate in Section

DOg Min. &W maybe_______ 
______

Longitude EDI] E= LII] ir Driller's Name Bobby Tinsley

D-42



VVLLL 4AUNIILL IUfooi Lr~L~I LJtIL L(VI L I 1ULJ

Own.'&N.me Engineering-Science I- itFV I Colbioo 1I I I Jo-s V HA.per (t>flow

permit N h.~r /74206 -14 MD -23-10-- I Meg Sttc b., - ____F

X9- 2 5-86 Maatovored Pumping Vb.ti., L oiel F___ I_ _ ___

Wit., V26I C' 0 Aftert.'. f'AW iuO.JW At --- _ G PM

ma~nse No 2 Measuring Pt Iflsctihe t op 01 ca s ing
__--vVincin is I Ab~eH beuv Larni b,,ao

SUJRFACE CASING A~'.

AND L INER MA7 E HIAL Dph E -amo-ne "tio al 20 It, or "'nlog inrai&] nd at ca,atjpV, Gov,. rou. 9g.n ir. and trp.,
ot maltroial.Not, ary cavoties i.lndcaie woouc,,

+25f 0 Frnn" Anal add,t.unai shaeut if .iecessacy

PVC :2 -4 .
s i Scren 2 j 1 -14 1 -4 -5iF .5-l-a vegertionF~jp n tovy fi gar z

____________-f 1 d ine _ _y-e___SL~j
F I ~~y tndark gray -

NealCement Nu of B.igs ______ -F To Ift_. _- 1$ sand,-qiiarLz, fi np-e a si I t-- ay

hole plug 1 -3 -2 I40-50%,aytve drk a

sand 6 6.5 - 1i4. 3j -- organic (decay -vecletation ) mnateri6

IRON -ppmn SIJLFATLS -ppmn CHLOHI(VLS pp 10- 15 sand, _1 iartz, fine _to_ silt~, __L ay

FINISH: Scee -1 4i Ow~n HLi 30%, abundant shell fragmentE
~ I - mm, abunda nt heavies__

WELL LOCATION F15 17 sand. quartz, medium to veryjine,21 ~ sitca_ iuoii.ga
- 2oslt, la 5%gauonti, ra

green to blue green scattered shel

5 -F0 E___ - fragments ( med. 9r.)

T~otns~p (N-SI Rane* IE-Wl Locate in Secion 117 1_1 termination
Latitude T-~] [7j T-,

F jOptional - _ _ _ _ _ _ _ _ _ _ _ _ _ _

Dog. Mon Sec may be
Longitude ]Z W [11]jOrlsNmeBobby Tins ley

Please complete in black ink or type Form No. 25-18-5/93

WELL COMPLETION REPORT DRILL METHOD
Owner's Name Engineering-Science I I Rotary I IC.bleTool I I]Jet LXIAugee Other___
Permit Number. ,2607-14' MI2 3- Measred Static Water Level -__ ____ ___ Ft.

X9-25-86 Measured Pumping Water Lvel - +Ft.
Water Well Contrak ks i-ture Completion Date After -___ Hours At -___ G.P.M.

i ~Zna , 32 topn~(D~.~j of casing
Which is 2.5 Ft. I~Above I Below Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or wriller mnteirvls

WFt.) and at changes. Give color, grain-fuze and type
Types Diam. (in.) Fromt (Ft.) To (Ft.) of material. Note any certtes, Indicate producing

i Ie zonesf. Attach aditional shet if neceary.
PVC 2 -4 +2.5 ____________g___

PVC Screen 2 -21 -4 0 .5 topsoil and vegetation
.5 4 sand, quartz, fine to very fine,

______ ___gray, plant materii-l
Ntest Cement: N. ofBays From (Ft.) To(Vt.) 4 4.5 sand, quartz, fine to vc.ry fiic,

hole plug 1 -3 -2 brown, calcite cement, few snell

sand of -21 -3 fragments
IRON....pntSULFES:~mCHORIES..pnt4.5 12 sand, quartz, fine to silt, C y

FINISH: s-au:___ (Ft.) OpsnHole_______ 5-10%, gray to brown
______________________________12 15 Isand, quartz, fine to very fi e

WELL LOCATION -- clay 50-60%, gray blue
-% %_y.fScjon..21 15 17 sand, quartz, fine to very fi e,

silty, clay-160% scarteied sn, .'
F3L. ___ F fragments and quartz per-bles,j

Twri (N-SI Range IE-W) LocateinSction abundant scattered heavy. minz-.,
Laitude P47 calc-reous clav

Deg. Min. sec. 17ib telr m in at i-nn
Longitude LIZ LIZ [I]ZIiw Drow's Name Bobby Tins ley

D-43



WELL COMPLETION REPORT DRILL METHOD
Ov~esNaeEngineering-Science I Roar I iCW IauToo I IJO~ k\ lAuge. Oth~r.

PermitNumber: 42fO -1M 132 Measured Static Water Level ___;_ I___

x ./ '~ ~9-23-86 MessutediPumpinfiWater Level - "-__ _Ft,
Wae ACnrc V 7 opeinDt After -___ Hours At -___ G.P.M

Lsciase No.- 12 Msarngt. ?eacrbe): 10~ 120f Q asin P
Which is 2____ Ft. Above B elow Land Surface

SUR FACE CASING, CASING ___

AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or uytee Intervals(Ft.) and of changes. Give color, grain-6ize and type
Types ~ ~ ~ ~ ~ ~ ~ ~ o mim i. rm(t)T F- 1arterial. Note env cavities. Indacjte Producing

Types~ ~~~~~ Osa rI. rm(t? T F. ones. Attach additional seits if necesary.
PVC 2 - 5. 2 +2.5 u. 1
PVC Screen 2 -20 -5.2 0 .51 top soil and vegetation

.5 4 sand, quartz, fine to very fi ~e,
______ ___black to dark gray

Nest Cement: No.0 ofBags From (Ft To (Ft.) 4. 11$ sand. quartz. fine to very f i -e,
Cemnet 2 -2 +3 )15 20 sand, quartz, fine to very fioL,
Hole plug .5 1-2.5 -2 ] _ dark gray to gray
sand ~2 _ emnto

IRON:-ppm SULFATES .. Ppm CHLORIOES:-.ppm 2 emnto
FINISH: screen: 14.,8 0 (Ft.) Open Hoie ___ IF'.)-

WELL LOCATION
36 Y. o ection 22________ ________

Township (N S) Range (E-W) T7 Locate in Section

Latitude W , ,I I N Optiona1
Dg. Min sec. may be _ _ _ _ _ _ _ _ _

Loniude LJJ LU = WJialfe Drillesr's Name ______________

Please complete in black ink or type For-, No 25-19-5f83
WELL COMPLETION REPORT DILMTO
OanersName - noineering- Science DILEHDkI Ohr__CI ]Rotary I ICa~e Tool I______g, thr
PermitliNumber: c,4206 X 14 S711 7 - SMeasured Static Water Level - -___ ___ ___Ft,

/,;/ V /'rA 1 2T Measured Pumping Water Level -___.
Watr lIon o's atreComltonDt After -____ Hours At -___ G.P.M.

Liscense No. 1 2 Measuring Pt. (Decrib): top of casin, Z
Which is 2 - S Ft -X Altove I Befowi Land Surface

SURFACE CASING, CASING___ __________

AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or smaller intervals
IFt.) and at changes. Give color, grain-sie and type

Types Diem. (in.) From (Ft.) T. (FtI.) E - of material Note any cavities Indicate producing
2 o- zones. Attach additionalIhet if necesary

-,1 0 .5top soil

_________ bHeU rown with IF S
Nest Cemnent No. of~a From (Ft.) To (Ft.1 Iveg tation/orj mflac nter

fioleplug -4 - 16 22 sand-quartz, fine to sil
sand 7 - rw-unigvr it

IRON:-...ppn, SLJLFATES:....ppm CHLORIDES....ppen2 emnto

FINISH:screen:__Is_ (Ft.? Open Hole___(Ft.

WELL LOCATION___ ______

-Y. o section 2 1

Township IN-Si Range It-Vf) Locate in section

Lat itude LI MI []i] FE Opionl- ________________

Dee. Min. Sec. thmay be
Loniude LI] LI IJ resired Bobbv Tinslev
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WELL COMPLETION REPORT DRILL METHOD
Ownes'Name Engineering-Science I I Rotary I ICableTool I lbei I IA.. oth ... .
Permt Numb. 4206 11 MD1 3 -2A Me , sttc WatL.et -____ _ Ft
x /e, VZ 9/23/86 Measuedw .. LPup Water L Ft.
Watiier el traor ture Compltion Date After -__ Hours At _ ___G.P.M

Licns N. 2 2 Measurng Pt. (Describe)_:
wh s -_____ Ft. I IAbove S I loB Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth EAanne cuttinip at 20 ft. or imaf I.ntervws

and at changes. Give color, 9fain-size and type

Types Oiam. (in j From (F1.1 To (F1.1 of material. Note any cavities Indicate producing
.(. T .o o- zones. Atta h additional lheets if nece-wry

0 .4 top soil, sandy, black quartz,
fine to very fine vegetation
and organic material

NeatCement: No. of Ba FromlFt.) To(Ft.) .4 10 sand, fine to very fine, KXIK
gray to black, rich in or'anic
material toward top

IRON:.ppm SULFATES:._ppm CHLORIDES.ppm 10 22 sand, quartz, fine to ver fin
FINISH:scr.. __(Ft.i OpenHole __ (Ft.) - silty, slightly clay. whi e

Ito tan, increasing clay t ward
WELL LOCATION ......-- ..- bottom

X Y of Section 2 2 2 clay--50%, sand, quartz, fine
to silt. limely fragments at

SEE T8 F] TD of 22'
Towsi (N*S) Range IE-W T Locate in Se-ton 22 termination
Ltitde F [ [ OpIiona hammer fell 17' to 22' wit no

Dog. M,.. Sec. maybe es t n filled h-l- btei o ite
Longitude WDriller's Name ________________

W111, COMJ'LETION RJI T I
OWNER'S NAMIl Engineering-Science I'LiT NJ MER 420602-11 MD13-2A

Depth Depth

o E
0- 0 0

SFORMAT I ON . FORMATION
to total dipth of 14' from top

of boring then grouted to the

surface using S hags of cement. -

f PLUGGING zi
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WELL COMPLETION REPORi DRILL METHOD
SEngineeriny-Sci~leeIIRtr I ICelie Tuol I 1J., I , O1t

pwn.d umy. : .42 6 99-1 4  MD58-5 Measured Static Water Level___ Ft-_.___

It / AA A9-24-86 Measuredt Pumping Wata, Le-el - -~Ft.

/ %;lQsure Completion Date After -___ Hours At ___G.P.M

No ,232 measuring Pti(oscribel: top of crisin2
which is .L..Ft. Above tIBelow Land Surface

SUR FACE CASING, CASING
AND LINER MATERIAL: Dpth Examnine cuttings at 20 ft. or smaller intervals

_____anda changes. Give color, grainsuze and type

Type Die. (m Fro (Ps To Ft.(of m arial. Note any cavities. Indicae produc~ng
TyesDem _in) _rmF.) To(t._ zones. Attach adilonal Assets .f nacessary.

PVC Screen __2 -14 -4 0 .4 top Soil
.4 5, sand, quartz, fine to very fine,

I___ I white to gray

I Nest Cement No.of Bag From (Ft.) To (Ft.) 5 151 sand, quartz, fine to very fine,

Hole plug 1 1 3 -2I silty, clayey (5-10%.), gray

[san 5 -1 15 221 clay, stiff, blue-green, sand

IRON.....ppm SULFATES:-ppm CHLOROES:...ppm (v^10%), very fine, scattered shell

FINISH: Saee 10 (Ft.) Open Hole: __ Ft.) - - fragments
_______________________________22 termination

WELL LOCATION -- -_____________

_Y.%_of Sect.on_
2

8..

Township (N-S) R ange I E-W) Locate in Section

Latitude IZN7
Deg. Mi. Sec. merybeII

Longitude =..L W = Wj w Drililer's Name Bobby Tinsl1ey

Please Complete in black ink or type Form Nio 2S 19-5/23

WELL COMPLETION REPORT DRILL METHOD
Owner's Name Engineering-Science I I Rotary I ICableTool I Ie -k A.,e other
permit Nk~ 420 0-_14 MDSB-6 Measured Statc Water Level___ __ _ F t.

x 4/.'~ 2-8~Meaaired Pumping Waeor Level ___ _ -_Ft
Water Well 7 :,rectinature Completion Date After-___ Hours At ____ .P.M-

L sna.No. 32 Measuring Pt. (Describe). to2 of casing
Whtich is 2.-5 Ft. ~1Abovr[ Belo- Land Surfaer

SURFACE CASING, CASING___ __________

AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or smaller .nterrals
(F. and at changes. Give color. grain-s.ze and t-ypr

Typs 0,-.0,.1Fro (t. T (tJE of material. Note any cavities Indicate producing
o Z ones. Artadh additional eseets if neceiaa'y

PVC Screen 2 -10 -4.1 0 .4 top soil
.4 5 sand, quartz, fine to very. fin~,

______ wnite to black, organic (veget~tir
Neat Cement io ofag From (Ft.) ITo (Ft )rich in dark zone

Hol pug - ji-25 8 _sand, quartz, fine to very fin,
I~nd425 -0. 1- 7]- Jchoc. brown, rich in rJfi

I RON:..-.ppm SULFATES:-...ppvi CHLORIDES.....ppn, - ((vegetation) material. decayinc

FINISH:Sceein 5 . 90 (F. Open Hole: __(Ft.) - p lant

______________________________8 10 clay, blue-green, stiff, sliqgh ly

WELL LOCATION -- sandy zones, plant & shell fidllnents

_Y % V of Section 
2
8.. 10 termination

Tohwg (N-SI Range (E -VWI Locate in Section

Listitudes m =I LI N7 pina

Dep. Min. Sac_ ) may be

Longitude LI JDriler's Name Bobby Tinsl1ey
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Air

WELL COMPLETION REPORT DRILL METHOD
mOwereN.,, Engineering-Science I IRowry, I ICkabeTool I Aet OXIA.W Other_

Permit Numbr,. _ 420 -11 MDB-3 Meased Stac Water Le.e..l _ F,
X A /-__ ;e - 9/23/86 Measured Pumping Water Level F__ Ft.
Water Well C ly-ar -Signature Completton Date After - HoursAt - G.P.M.

L "n No 1232 Me.aurngPt.,(Descrfbe).At of casinig
Which s . Ft. IX] Aboe I I Belo. Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth Exam,ne cultt. at 20 to. or mall ,ntiervl,(F_._ and at changes. Gve color. gram-sie and type

Types D (In.) From (Ft.) To (Ft.) E of material. Note any c-.avites Idicate p od,,csng

0 zones. Attach additional shiseu of necessary.PVC 2 -4 +2.5 L T .
PVC 2 -14 -4 0 .5 topsoil and vegetation

.5 1 fill material-sand fine t
very fine. limestone fragments

Nmt Cement: No. of Bags From (Ft.) T F. .6mm diampeter
Holeplug 1 -3 -2 1 5 sand. quartz. fine t vet
sand 5.5 -14 -3 fine. gray to black, orga ic

IRON:_ppm SULFATES:x..ppm CHLORIDES:..ppm _material (decayingeeta ion)
FINISH:s..: 10 (Ft.) Opentole: _(F,.) 5 10 sand. auartz, fine to-ver fin,

brown plant material
WELLLOCATION .:. 104 sand -unrtz. fine to sil

UfoSection. clay r-5-10?, tan
115 Iclay-sandy, gray-pr(nnv-1 thIc]

30S- 12 E W15-Z35 salndi glariz, fine' tox-r
Township (N-S) Range (E-W) Locate in Section fine clay P-S0%. gray-Rree
Latitude W j 7 Optionalnpfrtg'wnt

Do. Mn. Sec. may be

Longitude WmeDril',Name Bobby Tinslev

WJ*I.r. CONV L.l 'r'ON wI!I101T
OWNER'S NAII. Eninr in'nqr-nce PL-RMJ T NJIM3ER 420619-11 MDB- 3

Depth Depth

o E
0 0___ ,,0 2 4 FORMATION

NOT : tools fell from 17' to 23.5' under weight

of hammer

23. termination

J D-47



WELL COMPLETION REPORT DRILL METHOD

D. . Nm Engineering Science R.I.r I )C.N.T..WJ I Lrt I ).~r Ote

Parm istN ' _q 4bNI23D UM*uled Staic Waer L &.0- F

11J 
9/30/86 Me&&ud Pump.flg Wte L.eaf_ _ _ _ _ F ,

Wata. Wa Contra" 's reCompleion Date After HoursI At - G.P.M.

a- w 232 UAugrPt. (ibel: top of casing,
_____________________________________Wh,ds i . Ft. P9 Ab.. f I JBetl.. Land Sui..ra

SURFACE CASING, CASING
AND LINER MATERIAL: Deptht Examine cun.ngs at 20 ft. ut small.. intevAw

(F] and at chsanges. Gie color. garn4.e and type

E Of myateriat. Nowe any cavities Indicate producing

Types Otam. On0.) From. (Ft.) To (Ft.) o a zones. Attach additional sae Of necirwary.

0~~~ ~~ 2 sand arz fn to rf

__~~ ra todrrrln
PCmn 7 -26 0 15- 19'-. sandi utartz. fine to verY finr

FIHSce~n:__ 2F. Openol0 (F. 2.ica.ay to dar gray ln

WELL LOCATION sh~~elragmns' 4l ly~ o~atE7 2 1 ~ 22 1adgiat 
meiumtn

L iats cn iNoofsg IFrmF) TiL a d u rt f n to sil f,

Ce ent 7~t 15~ 19~ sadqat.fn ov ,fn

LRONeutud SL TESLI W CHLRI ES: pp Orllrs aBb 5, T- n ev)t hi c, d c

INIS Sc,"f : - (LL 1 O pemf:_N. 1(1! 
odo

OWNLIUS ~~~ ~ ~ 2 NAy, gray_____________ .L~.l toJ3~ 4262-1 rD-D2 ,40c

qioat 0e ir t

450 Ela] blu-gren Kna 40%,e mediuhe F__ __ ___ __ ___ _e__ 1__ _

tog eytM, sca.ee silic
- -________________________________________

455 sn~d, quartzaEc~ yeiu ton vey in
___ lay_0%,scatere~shel _________________N____

blue-, COra"'Lrginc10N
OWNE 60 cay, ccnierited verySE 42ard-1 and

5 __14 brl,blue-green,_lnamin0%ted _______________

6075toimey siy ndsm scatterelc __________________

75 88 limest weathds, soescltt sl v ________________

caco ceent ta tobuf
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WELL COMPLETION REPORT DRILL METHOD

0Gwner'Name En gineering-Science kRotary I kaf~e Tool I bet I IA.V,~ Other

Permit Numt~pa 0623- MD23-D3 Measured Static Water Level____ - ___ +__ Ft

~4~~4i9-30-86 Measured Pumping Water Level -F__ Ft

&W41! ot t ComrJiet.O" Date Al ter-____Hours At _____G.P.M.

License No, ______________ 
Measuring Pt. IDescribe): top of casinlg
Whui is 2 5 Ft. 1 )4 Above [I ]Belo. Land surface

SURFACE CASING, CASING
AND LINER MATERIAL: DI$ Examine cuttings at 20 ft. or smaller intervals

(tl and at changes. Give color. grain-size and type

E of material. Note any cavities. indicate prodIL-cing

Tvpes Diaem. (in.) From (Ft.) To (Ft.) 0 zone. Attacht aditional seur #f necessay.

PVC 8 -16.9 0 L
PVC 2 -42 +2.5 0 5 ;and, quartz, fine to ve ry finel

PVC SCee:- 2 -57 -42 ight gray to black, plant mat irial

5 _10 ;and, q~uartz, iet silt, si ty,

Neat Cement: No. of gags From (Ft.) To (Ft.) -lay -20-30%, gray scattered pnt

Cement 7 -16.9 0 ____________________

cement 5 - 0 . 10_ 15 sand, quartz, fine to very fin

IRON:-...p StJLFATES:-~ppml CHLORIDESS:-~ppm - lay.^5%, shell fragments U t 10mm

F p4pHsmen 15 It pnol: (t)__iameter, few scattered rounde qtz.

WELL LOCATION K __alcareous

y._y 
15 20 -lay. blue-green, very stiff, catter.

F-J 3mI~ 20 _3_5_lty clay. sandis 10-40%. ra 0

TowentqW (N-S) Range (E-W) Locatein Section__ra-le tf

Latitude [j][1N1rnl y. nm gart

Dog. Min. Sec. may bvery fine -140%, scattered1r stone

Lasgrtude EIZ m ed Driller's Names Bobb~y Tins ley

OWNLIQ0S NAkME Engineering-Science PLIMIT "JBER 420623-14 MID23-D3

Depth Depth

0 E
$-

~ FORATIO Li. iE2 FORMTION

fragments, buff to light gray______________________

al 45 weat~iored lime-9,c .~

fragmented_______________________

45 50 Limestone, silty, sand -30%, fine to _____________________

very fine, clay 10-20%, large limestone

fragments up 15 mm longest axis

50 55 Limestone, sand 30-40%, fine to very_____________________

fine, clay 10-20%, limestone fragments

I/ 1mm to 10mm, cream to light gray ____________________

55 571 silty limey sand, sand- 60%, clay -20%, - -

limestone framents ( mm to < 3mm - -- . .

-~ longest axis, liqhtqLyto uff__________-* -- -

57 termination -_____ -____

D-49



please Coliplet& #it bI.;A itA cir type

WELL COMPLETION REPORT DRILL METHOD
Owner'sName Enineering Science k otr I 1CatifeToot I I Jai I I Airg. Other__

Permit Number: 0 42 22-14 jDM r -04UFurd Static Water Level F___ t ___ ___F

'1 9/27/ Measured Pumping Water Le-el . -.. Ft

WitrWl nr o sCompletion Date After - ours At - G.P.Pui.

No. 1232 Measur, Pt (Oincribe); top 0r casing
Which a"T - Ft. ~IAboe IjB.'.. Lend Surface

SURFACE CASING, CASING ___

AND LINER MATERIAL: Dept Examinre cutiings at 20 ft. or smaller sitervals
a~. nd at changes. Give color. traonen. and type

Type Drinfin) Fom Ft. Tof~t( E of maitrial. Note any cvvit,*. Indicate producing
Types ~ ~~ ~ ~ ~ ~ 0~m o. rm(F. oI%)1 zones. Attaadi ditional sheets if necessary,

PCsurface 8 7 r 0T-i s
PVC z fill mat ria -can and I-,;
PVC screen z -63.T -5.1 _stoine fragments,

Next Cemrent: No. of Bags From (Ft.) Ton (Ft.) ly n

cement 10 1-35.8 0 in _______todark______ ;and

cement. 11 -3 5 iL'la qiirl fio C trk Jra an

IRON...ppm SULFATES.....ppl CHLORIDES:-ppm cnirn ln rnpin

FINISH:sw.eii 10_ _ (Ft,) OpenHole:-___(Ft.)n n nne iinr f n r

WELL LOCATION ______________________

-Y..isection 21 ________________f _____

- - ~nen~odfel- srnzzerej c,-artz

Townshmip (N*S) Rarnge IE-W) Locate in iSecion _ I; ,mct m e !Fr~sments
Latitude m[ F N)Optional _________________n_ wit),_ d;____ ,__

Deg Un. sac. te be~

Longitude m W= L Driler's Name Pobby Tinsley

W11I. C(-)f-v1[.I;'I ION I Jki,
OWNLCS NL ET.zineering-science PLR!t lI WNN3ER 420622-14 MD23-DI

Dep th Depth

0 E
~2 FPM~TON IFOR'4ATION

38a 50 'clayey silt, clay I5-20%, gray __________________

tan slightly san-dy __________________

50163.1 Limestone, weather-ed, white to grray _______________

)3. Termination

D- 50



WELL COMPLETION REPORT DRILL METHOD
otsr'sNarm 1Enineering-Science I IRotary I lCable Tool I ]Jet VJAuger Other
PermottiNumber: 420620-1 MDB- 4 Measred Static Water Level___ - __ +_-_- Ft,

,.X 9/23/86 Maured Pumping Water Level - - t

watair well Cont, WsS' s Completion Date After -___ Hours At - G.P.PAI.

mas NO. __ 32____________P______________ top -tc s n

SUFAE ASNG CSIGWhich 1s 5 Ft. [)Q Above! Below Land Surface

AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or saller intervals(Ft.) arod at changes& Give color, train-size and type
Tye im i. rm(t) To (Ft.) E c Of material. Note any cavities Indicate producing

Type Drm. In. Frm (t.)______ c zones. Attach additional sheets if necesisary.
PVC 2 5 +2. it .

PVC Screen- 2 -15 -5 0 .3 Itop soil and vegetation
.3 .5 Ifill material-sand, quartz, fine t

______very fine, limestone fragmentE

Neat Cement! No. of Bags From (Ft.) To (Ft.) 14_ 6mm diameter, brown to tan

Hole plug 1 -4 -3 .5 5 1sand, quartz, fine to very fire,

sand__________ ____ __15_ -4_ gray to brown

IRON:..ppm SJLFATES...ppm CHLORIDES;.ppm 5 10 sand, quartz, fine to very fire,

FIN IS H:sceen: 10 (Ft.) OpenHole; ____ Ft.) __ gray plant material
____________________________10 16 sand, quartz, fine to very fire,

WELL LOCATION --- white to light gray sparse scatter
3y._y fSetn27 __heavies, sparse plant materia'

___coarsens at 16' with scattere.,
30O- 1T8 -- --- limestone fragments (Snrr diam( ter

Township IN-S) Range (E-W) Locatein Section 16 17 clay, gray to gray-green, sar
LaNtd Optional __ 40%. auartz fine to silt

Dog. Mon. sec. may be 17 _ terrinati on
Longitude W WI I ' Drioler's Norm Bob~y Tins ley

Please complete in black ink or type For-~ No 2 18-513

WELL COMPLETION REPORT DRILL METHOD
OvioneresName Eng.ineertnjq-Scionce I I Rotary [ ICableTool I lIJet V IlAuger Other___

PemtNme:-4 206 21 D3 - 0 Measured Static Water Level - +__ _ -Ft,_____

x .r9/48 Measured Pumping Water Level - 4 - -Ft,
Water Well Contractr Sirture Completion Date After -___ Hours At -___ G P.M.

Limanse No. 14-32 __-Measuring Pt. (Describe) top of casin2 _
-- Which is 2 -S.. Ft I Above! Below Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth Examine cuttings at 20 ft. or sm~aller intervals

__________(Ft.)__ and at changes. Give color. grain-size and type
Types Diam. (In,) From (Ft.) To (Ft.) E of mtr ial. Note any cavities Indicate producing

1 o Izones Attach additional sheets if necesary
P VC 2 -4 + 2 51
PVC 2 -14 -4 10 .S ito0p s o i1 n a dv , y e ot a tio

_____ _____gray to black

Neat Cement No. of Bags From (Ft.) jTo (Ft 515 sand uart::. fXinc~ -toin. f

ho Iep 1up, 5 -2.8 -1 8 i(vezetation deca yJ nltcriLh
sand 25 14 -2.81 S 14 sa n d. Q imr tz, f inc ti u %r -f i

IRON:_pprn SULFATES:-pprn CHLORIES:-ppm lchocolate brown rich in
FINISH:Screen: 10 (Ft.)OpnHole:____(Ft.) organic (yepetatioij) mnate ial

_____U____________ 14 - ly smIL fin t it

WELL LOCATION - b trown
y._ .of Section 2 7 14_______ .3Slie n wahrd ca-ev,

----- ~_ -- --- hite, fraomentoj <I jl i di:etc
LII] FLI I is Ierminatjion

Townrq (N-S) Range (E-W) Locate in Section

Latitude FTI] LIZ- LI]- N7 Opional
Dog. Mon. sec. may be__ _ _ _ _ _ _ _ _ _ _ _ _

Lonitue LI] LIZ LIZWjDrileresName Bohb Tinsley'

D- 51



WLLL COMPLETION REPORT DRILL METHOD
Ownwterane Engineering-Science I I Rotary I ikable Too1 f bet IXJAuge. Other-__

Pemtubi- 4,206k7-11 MDBl1 Measured Statc Water Level__-_ * -___ - -_ F I
A,9-23-86 Measured Pumping Wateir Level -- Ft.

War V10811 C_ aEcP'Signature Cmlto DaeAfter -___ Hours A: ......... G.P.M.

LkweneNo. 1232 Masurrng Pt. (Describe):ToofCsn
Which i 2.6 Ft Abovel Below Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth Examinei cuttinr at 20 ft. or smaller intervals

Ftl and at changes. Give color, graineaire and type
c Of material. Note any cavities. Indicate producing

Types D ism. (In.) From IF t.) To (Ft.) 1 zones Attach additional shoot if necemuary.
PVC 2 4 +2.

PVC Screen 2 -17 -4 0 .5 top soil and vegetation
.5 3 Ifill material-sand, quartz, fine to

gravel, white to gray limestore f-a

NMt Cement: No. of Bags From (Ft.) To (Ft.) 3 10 1sand, quartz, fine to very fire,
Holer~lu 1 - -2 brown, plant material

San 6. -1 -310 15 sand, quartz, fine to very fire,

IRONpp SUFATE:-pm CLORIES: ppmwhite to tan few scatterd hea ieE

FINISH~sceen. 13 IFt.) OpenHole: (Ft.) 15 20 sand, quartz, medium to silt, clE,
-^-20%, gray limestone fragmentE at

WELL LOCATION 16' (gravel size)

_%_ ofScion 27 20 22 clay, gray-green, soW 30-40%, vt y
I fine to pebble, limestone fra merts

F 7 01 7 F, a_ E7 E"_ 5mm diameter
Townshw (N-S( Range (E.W) Locate in Section 22 __termination

Latitude LZ IZ LZN)__
Dog. Min. Sec. may be _ _ _ _ _ _ _ _ _ _ _ _ _zoprtd zizu w red Driler'sNarm Bobby TinsleyKPleae colnplere in blacA )nA or type FormY No. 25 IS 5/83Othe

WELL COMPLETION REPORT DRILL METHOD

//"-/~tr/~ A,________9/23/8 Measuring Ptmin atereel -F____________

Whc.i 2-5 F. )Ri BlwLn Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Depth~ Exami~ne cutlings at 20 ft. or smaller interv~als

(FF.) and at changes Give color. grain ize and type

Types Diarn (ln,)jFrum~~ IF 7 o (Ft. I iE ofmaterIl Note any cavities Indicate producing
0 o "a'e. Attach additional sheets if necessary

PVC-4 + 2S U.
rPVC 2 -14 70 .4 topsoil and plant r:terl II

_________________________ .4 10 sand, quart:, fine to e

Bags Fro IF:) T (Ft) jfine, brown to tan-1- p1ani
Ne trotNo. of Bag -3m F. To (Ft material fn't ~t

sand 4 .5 -14. t:2slgtyca _N,%h totIta
IRON.-...ppm SULFATES ... pp CHLORIDES .. ppm 14 17 szind_._qua rt :,_filc, to _S1

FINISH: sweerv 1 0 (Ft.) Open Hole: _____(Ft.) cly-d40-rrvt

WELL LOCATION 17_ termination__________

j%% _ ofSfsctoet.27._ _ _ _ _ _ __ _ _ _ _ _

Tornsip (N S) Range (E-W) Locate inSection

Dog. Min Sec. envy be
Longstude DJ jr~ie rilees Name Bobby Tinsley

D- 52



.- 0 ,OIIJII# h b .C A I rIA I l VI . . . . .

WELL COMPLETION REPORT DRILL METHOD
Owne,'sName U1 SL--S< verrnmerlt MnC, I I.B. I Iotary I IC.beT.o, I 1., AgA. Other__
Pm : A11646- i i Measured Static Watr Leeel 41= _ Ft.

X :7:W7 '7,Measured Puminpng Water Lve F____ _._

Water Well tD Signatre Compalion Date Afte__ Hours At _ G.P.M.

L; .ken" M D 1-5 MeasuringPt.(Describe): tnn Of rasinn
Which is r,....L. Ft. [ X] Above So Blo. Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: Dpth Examine cuttings at 20 ft. or sller inte-vals

(Ft.) and at changes. Give color. grain-size and type
Types Diam. (In.) From (Ft.) To (t. E of material. Note any cavities. Indicate producing

T sIoFr 1, o zones. Attach additional sheets if naceuary.

PVC sch 40 2" +2.5 -2.5 u.
Q3 2 1"'Anhmwlt, 1' rr.hihrd limprnek

PVC (screen)schl0 2" -2.5 -12.5 hlark -nil
? _-4 nlrk hrnwn ,And mrnirt

Neat Cement: No. of Bags From (Ft.) To (Ft) --- -- Bro.aw med gnad. w'at
Portland cement -5 _ . R Rrrwn tn6 11 rA -n 2mAr r~nd
rand 0- - Tan to whte runny sand

IRON:__ppm SULFATES:-ppm CHLORIDES:..ppm

FINISH: screen:__ (Ft.) OpenHol*: _ (Ft.)

WELL LOCATION _--_--._ _

-Y-Y- of Sctionj 21_______________

Township (N-S) Range (E-W) Locate in Section

Latitude EL i]N)_________________
'IOptionael

Deg. Min. Sec. marybe____ _________

Longitude m- [--] m DriftersName o berstar

Please complete in black ink or type Form No. 2S-5/-S13
WELL COMPLETION REPORT DRILL METHOD
Ow.nr,N. U. S. GO yER,',ENT MacDill A.F.B. I ]Rotary I ]CaleTool I bet IlAuger Other____
Permit Numbe: 4364 -13 /MD t -- ea Med.. Static WaterLet_,_ _ 3.' Ft.
.X &/ 4-14-87 Measured Pumping Water Lev_ "_ " "n/aFt.
Wiste .I1 C- ignature Completion Date After___ Hours At ____ G.P.M.

Lcen No. 12 Measuring Pt. (Describe): top Of casing
Which is 2. 5 Ft. MAbovre IIBelow Land Surface

SURFACE CASING, CASING
AND LINER MATERIAL: De th Examine cuttings at 20 ft. or smller intervals

(Ft.) and at changes. Give color, grain-size and type
Types Diam. (In.) From (Ft.) To (Ft.) E of material. Note any cavities. Indicate producing

L 0 zone%. Attach additional sheets if necesary.VCs-ch 40 2" +2.5' -. ' .. ~..,, ,he .

0 2 Black top soil turning' to oray
PVC (screenT -T'.' -.TT -17.7T - -silty sand

2 -4 .rey sind triming Brnm at V'V' (wet)
Nest Cement: No. of Bags From (Ft.) To (Ft.) 4 6 R-nm wpt <qnd. ighter

cement .5 +31 -6" 6 Tan sand, runny "ery fine
8 110 ti" "

IRON: __ppm SULFATES:.pprn CHLORIDES: - pprm 10 12 " "

FINISH:sa.re -: i (Ft.) OpenHole: _ _ _ (Ft.) _12- 14 " it "i"
14 16 rnn runi , hitp fine qnnri

WELL LOCATION __ fin_-nnd tuning _ lt_

Eo Section21,__ _

Township (N-S) Range (E-W) Locate in Section

e F-- F--1NOptional
Dog. Min. sec. may be

Longit do rT- DriIle's Name T Orstar
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WELL CONSTRUCTION DIAGRAMS
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ENGI NEERING- SCIENCE

MONITORING WELL COMPLETION
Project Name I~. W t F Vrle q ~7j ~t ~'~~

Project Number Q7 r r) Drilling Method Al~ .5 A'~/.
Well Number AIW 17-A'? Development Method r)~lp
Date Drilled 1! J-197 Geologist /Engineer _ ! F6a' a:
Date Installed ~-'-~

D+/" PROTECTIVE
STEEL___________ CASING_____ - FEET

(E LE VAT ION)

GROUND SURFACE

__DIA. PVC SCH. ~ '" "
WITH THREADED JOINTS 015"

SLURRY BACKFILL

17. 5'

WIREWRAP SCREEN WITH-
THREADED JOINTS
SCREEN SIZE "

CLEAN __________

SAND/GRAVELI

.2'DIA. B3OREHOLE

NOT TO SCALE C

D- '3 ES ENGINEERING -SCIEN~CE I



r ~

Project Number AiT 00 / Drilling Method 4/~ 2
Well Number -MWA Fz- !E Development MethodP,
Date Drilled q1 ~ 37Geologist/Engine

0Date Installed 15- J4-5 7

D PROTECTIVE

LSTEEACASIN FE

GROUND SURFACE

DIA. PVC SCH. ,4" s
WITH THREADED JOINTS

'57
NEAT CEMENT _______

SLURRY BACKFILL

DIA. PVC SCH.
WIREWRAP SCREEN WITH-
THREADED JOINTS

SCREEN SIZE L"

CLEAN
SAND IGRAVEL

DIA. BOREHOLE.

NOT TO SCALE

D ES ENGINEERING - SCIENCE
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APPENDIX E

AQUIFER TEST ANALYSIS

INTRODUCTION

Within this appendix are presented the procedures, raw data, and

results for the aquifer pumping test performed at Site No. 23 on MacDill

AFB. The procedures and results are presented in Section E.1. Water

level data are presented in Section E.2 and computations for drawdown

and recovery analyses are presented in Sectio" E.3.

E.1 AQUIFER TEST RESULTS

An aquifer pumping test was performed at Site No. 23 from 15 to 17

October, 1986. Well MD23-11, installed as a four-inch diameter well,

was used as the pumping well. Well MD23-15 was installed as an

observation well, approximately 30 feet from well MD23-11 (Figure E.1).

Both wells were completed in the sandy sediments of the surficial

aquifer. Well construction details for wells MD23-11 and MD23-15 are

given in Table E.1. Figure E.2 is a geologic cross-section showing the

relationship between the pumped well and the observation well.

A step-drawdown test was performed prior to the aquifer pumping

test, and it indicated that the surficial aquifer could sustain

gapproximately 4.5 gallons per minute (gpm) pumping rate without pumping

the well dry. The pumped water was discharged to a drainage canal

approximately 300 feet north of the pumped well.

Water levels in the pumped well and the observation well were

measured prior to pumping and immediately before pumping. Water level

I declines were measured and noted during pumping and during recovery in

both wells. Well MD23-11 was pumped for approximately 10 hours at a9 constant rate of approximately 4.5 gpm. Maximum water level decline was

9.97 feet in the pumped well and 0.76 feet in the observation well,

I MD23-15.

E
I E-1



FIGURE E. I
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TABLE E.1
WELL CONSTRUCTION SUMMARY

Elevation Total HIle Bottom Top Well

Top of Casinq Depth of Screen of Screen Diameter

Well ID (Feet, MSL) (feet) (feet) (feet) (inch._s)

MD 23-11 12.51 22 19 4 4

MD 23-15 12.55 17 14 4 2

I
I
I -3
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The water-level data for the pumped well and the observation wel

were used to compute the hydraulic properties of the s-rficial aquifer.

The modified nonequilibrium formula (Ferris, and others, 1962) and

water-level data for the observation well were used to compute

transmissivity and storage coefficient. The modified nonequilibriun

formula (Ferris, and others, 1962) and water-level data for the pumped

well were used to compute transmissivity. Hydraulic conductivity f~r

the surficial aquifer was estimated based on computed transmissivities

and the average saturated tnickness at wells MD23-11 and MD23-15. The

results of the analyses are listel in Table E.2. The data plots an

analyses are presented in Figures E.3 and E.4.

Averaqe hydraulic properties for the surficial aquifer wer

estimated base. on the results of the aquifer pumpinq test. The average

hydraulic conductivity of the sandy deposits is approximately 155

gal Ione per day mer squire fDot. Storase coefficient, 0.016, is based

upon the results of the r aw-Down analy1sis for the observation well

.D.. 15. 2 7e form !te 'fd nneguilibri ormua used for the

conntation oa the h,. lc r t i 0t S 1 :

Tt
2,4 -4 o

- - aoni = : .'- K 1?
5v

~.nere

Avera ne omnin rate, in a .ons pr minote;

S = Storage coefficient, nc ,dioensions;

= Transissivity, in ga Ilons per day -e foot;

r = Distnce from pomped well to observation well, in feet;
s = Charge in drawdo,'n over Dne 1.q cCiC for a s.mi-,_t p!t f

t4o.- and drawlown; an,

t = Tim at whih a straicht line drawn tinrsuh th e data on a
t

semi -'on ilot intercepts the zero drawdto -, time.

i
T_ .



TABLE E.2

SUMMARY OF AQUIFER PUMPING TEST RESULTS

Saturated Hydraui-
Transmissivity Storage Thickness* Conductivity

Well No. (gp.1'ft) Coefficient (feet) (3pd'ft2:

MD 23-11 1450 -- 11.7 124

M1D 23-15 2160 0.016 1 1 . 105

Average for Test 1iSO 155

* Averaqg satirated thriknrss

I[-,



FIGU RE E. 3
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FIGURE E.4
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E.2 WATER LEVEL DATA FOR AQUIFER PUMPING TEST

Water levels were recorded for the pumped well (MD23-11) and for

the observation well (MD23-15) during the aquifer pumping test. These

data were kept in the field and tabulated during the drawdown and

recovery phases of the test (Tables E.3 and E.4). In the following

tables, the column headings have these meanings.

Date: Date of realing.

Time: Time of reading, Eastern Daylight Time.

Depth to Water: The depth to water below the measuring point, in

feet. An electric water level inditator was used

to make all realings. These indicators read

directly the depth to water below the measuring

point.

Flow: Volume of wer, in qallons per minute, discharge!

from the pimping well. These measurements were

taken from the in-line flow meter.

Remarks: Any pertinent remarks.

t
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TA.BLE E. 3

WATER LEVEL DATA FOR THE PUMPED WELL (0,D23-11)

DURING THE AQUIFER PUMPING TEST

Well Number: MD23-1 1
Well Location: Site 23 Pumped Well
Measuring Point: Top of P%, -asin.

Elevation of MIP: 12.51

D-pt to

D te t F
r

'' t L:) ' : -L Ks

1 5 - --s t - - - - - - - -9 ,- -- - -
-" - ,- - -

1 1-

r 1 i : 9

p

w ~ ~ ~ , 1rrOr.2. - ,

I4 4

14.4

4.

4.71,4 4.

-*2 14].

-. ;:, I 1. '
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TABLE E.3

WATER LEVEL DATA FOR THE PUMPED WELL (MD23-11)

DURING THE AQUIFER PUMPING TEST

(continued)

Well Number: MD23 11

Well Location: Site 23 Pumped Well

,Ieasuring Point: Top of PVC Casing

Elevation of MP: 12.51

Depth to

1 m Water Flow
Date (EDT) (fee t) (gp'n) Rema rk s

16 October 19.16 (92: 14.22 4.46

0925 14.87

0930 4.9,
0935 1 5.2

.4,
0245 1 5.20

1>2 15.16

lr12 15.33 4.4?

1.74- 15.44

I,_584 .5 4 449,
1 ! 5 5.37'7-.-24.491125 15.3?-

11 35 15.77

12.5 15.J3
I 12, 1 6. .4 4.54

1240 16.2 1
13t, 16.37 4.52

1320 16.44
1340 16.58 4.53

1400 16.63

142,0 16.6S 4.51

1450 16.73

15223 16.54 4.51
1 552 1 6.85

1620 17.11 4.51
165) 17.07
1720 17.11 4.5'

1750 17.21
1 04 -- Puop of f
1805 11.95

1606 10.35
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TABLE E.3
WATER LEVEL DATA FOR THE PUMPED WELL (IMD23-11)

DURING THE AQUIFER PUM1PING TE.3T

(continued)

well Number: M'D23-11

Well Location: Site 23 Purnpc3 Well

Measuring Point: Top of PVC Casing

Elevation of MIP: 12.51

9c2Dtfl to
7 1 1,- W i Ie r Flow

P IE: fei-) q pm

1i~ 2 .-

1 -33 1

1 4 3

1 4 4~

1 P ',3 , . - i

':3~ ~ ~ 5*,.3

~D9 7.96

1 1),'47. 9

19 , - ', jl

1,)14 7.)l

1 9 9)7

1 92,4 7 .

7.~

1954 7.c//)

20, 14 7.1



TABLE E.4

WATER LEVEL DATA FOR THE OBSERVATION WELL (MD 23-15)

DURING THE AQUIFER PUMPING TEST

WELL NUMBER: MD 23-15

WELL LOCATION: Observation Well

MEASURING POINT: Top of PVC Casing

ELEVATION OF MP: 12.55 feet, MSL

Depth to

Time Water
Date (EDT) (feet) Remarks

755 7.07

16 October 1986 823 7.07 Pdmp On

0821 7.09

C322 7.12

0323 7.14
2624 7.15
0325 7. 26

(326{ 7. 16
225

2382 7.17

7.1P

D831 7.19
0. 32 7.19

0933 7.20
2334 7.22!

0335 7.21
-336 7.21

083 7.22

J540 7.23
0342 7.24

)344 7.24

0846 7.25

0548 7.28

0350 7.26
0655 7. 30

0900 7.31

0905 7.33
0910 7.34
0915 7.35

0920 7.36

0925 7.>3.
0930 7.39
0935 7.41

0940 7.41
0945 7.42

0950 7.43
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TABLE E.4

WATER LEVEL DATA FOR THE OBSERVATION WELL (MD 23-15)

DURING THE AQUIFER PUIMPING TEST

(Continued)

Depth to

Time Water

Date (EDT) (feRt) Renark s

1900 '.44

10D0 7.45

132,2 -. 47

17)30 74
404

i05L -. 5-

11 5.

112 7.

1135
115' [

121)5 -. J:

124'1-_
124-4

1 4

14 .

1 7.7'

145. .73

1 r)2 2 7.7155: .7

1650 7.

172CL
1750 7.63

1804 -- P off
1805 7.81
1806 7.79

1807 7.

1809 .7/

1809 7.75
111) 7.74

1811 7.71

1812 ).72

1813 7.71

1814 7.71

1816 7.69

1818 7.68

1820 7.60

1822 7.67

1924 7.6"

E-1



TABLE E.4

WATER LEVEL DATA FOR THE OBSERVATION WELL (MD 23-15)

DURING THE AQUIFER PUMPING TEST
(Continued)

Depth to
Time Water

Date (EDT) (feet) Remarks

1826 7.66
1328 7.65

1830 7.65

1832 7.64

1 834 7.63

1839 7.62

1844 7.61

1849 7.60

1254 7.59
1859 7.5
1904 7.57

'001, 7.56
1914 7.55

i919 7.54

1924 7.54

1 929 1.53

1934 7.52

1944 7.51
1954 7.50

20D4 7.49



E.3 COMPUTATIONS FOR DRAW DOWqN AND RECOVERY ANALYSES

Drawdlowns in the pumped well and the observatio. well during the

aquifer pumping test were computed based on thie voter-:evel observa-

tions. Computations are in the following tables (Tables E.5 and E.n).

In these tables, the column headings have the following meanings.

Date: Date of readling.

Time: Time of reading, Eastern Daylight Time.

Time from beginning of aquifer pumpingo est, 0n.

minutes.

Depth to Water: Deopth to water below the measuring point, in fe et.

S: Dra,;own in the wall, in fe-*. Drawicwn in con-

putel by subtracting the depth to water from tne

static water level measure! prior to startinz tc*-

t-est.

s5 22: A correctiin to account for dow~atering of th,-

ajoi fec system", in feet.* The initial saturated

ckeaof the, system in

pi: The lr'di!wn in the w.-,'- corrected for the e'fe.-t

c-~aein in fee-t. S'=s - (s 'M

Ro"'-'ros: Aniy pertinentr-rk

Re-v'r'i' theo puono-cdwc and osrvtorW-11 durinq t'le > e

uopinj toot wo~re c-cn tr'd hace cc-trlvl ~ u ~

foliowinq tables (Tabips E. 7 an! F. Q are~ the heis fo:r Acn =c-at..

Pleadings in thes- table hav-, th, fol lowin:o neanin nS

Dotp: 'Dater of realinq.

t: Time si-nce testinj h.ecan, in. miinutes.

t Time since, pumping enein r-inut-a.

t/t': Ratio of to)tal time sinc- tesqt began to tine sin:-

punnping =?nded!

De, pth to water: Depth to water below the moeasurinq point, in fet .

9 Drawdown in the well, in feot. Computed by sub-

tracting the depth to wat-r from the static wnt-'r

level neasu-ed pri-or to s;tirtzin; tho ft-t.

E -1



TABLE E.5

DRAWDOWN FOR THE PUMPED WELL (MD 23-1 1)

Well Number: MD 23-11

Well Location: Pumping Well

Measuring Point: Top of Casing (PVC)

Elevation of Mr: 12.51 feet MSL

Depth tD

TMe t Water s s /21 s

Date (EDT) (nirn) (feet) (feet) )fe 2t) (fcet) Rem nrs

1 0 16 '86 08 5 (- 5 1 7 .2 4 ... .

0820 0 7.24 .....-- Pi

U821 1 10.95 3.71 0.49 3.21

0822 2 1 1 .95 4.71 0.80 3.91

0923 3 12.73 5.49 .08 4.41

0824 4 1 3.0 6 5.82 1.22 4.67
0825 5 13.20 5.96 1 28 4.62
032( 6 1 3.31 6. 7 1 .32 4.7,

C12 7 1 3.45 6.21 I c) 4. 012

098 8 13.57 6.13 1.44 4.89

062) 3 13.66 6.42 >48 4.94

0333 1D 2.74 6.50 1.52 4.9U

0831 i i 1.t 0.56 1.55 S.1

0632 1 2 13.4 n.60 1.5- 5. 3
1633 1 3 13.8 6.64 1.55 5. 26

0234 14 1 3.03 6.69 I .j1 5.03

1835 '3 13.96 6.74 1.63 5.1

236 16 4.02 6.7> 1 .65 5.13

2633 18 1 4. 7.53 1 54.77. 15
247 2D 4.11 6.. .I.1.

)a42 22 14.20 6.96 .74.

5044 24 '4.2% 7.<1 1.7 5.24

0A46 26 14. 30 .6 .79 .2 -7

0848 20 ' 3.34 . 1.1 5.29'

0850 3j 14.14 7.20 1 .86 5.34

0855 35 "4.48 7.24 1.Sb 5.3,3
0-00 4 14.57 7. .3 5..9

0905 45 14.72 7.48 2.2' 5.47
6910 50 14.75 D]1 2.02 3.4:

0315 55 14.76 7.52 2.03 54

0'-, 63 4.62 7. 5 2.,--.

0925 65 14.87 7.63 2. Y 5.54

0930) 70 14.9i " u .2 11 52•5

0935 75 15.02 7.7 ni 5.

0940 80 1 .rQ7 .I' 2.20 5.63
0945 85 1.:s ."-4 2.21 5.63

0950 9> 1 5.n9 -. R 2.2 5..

1000 100 15.16 7.92 2.31

101 01 110 12).25 . < 2 ,

a - -



TABLE E.5

DRAWDOWN FOR THE PUMPED WELL (ND 23-1 1)
(Continued)

Well Number: MD 23-11
Well Location: Pumping Well

Measuring Point: Top of Casing (PVC)

Elevation of MP: 12.51 feet MSL

Depth to
Time t Water s s2/2M s

Date (EDT) (min) (feet) (feet) (feet) (fu:t) Remarks

1020 120 15.33 S.)9 2.38 5.74
103-2 13D 15.38 8.14 2.42 7.76
1040 140 15.44 3.20 2.42 S.78

1052 150 15.48 8.24 2.44 5.80
11205 165 15.37 8.13 2.38 5.75

112D 182 15.72 8.48 2.58 5.90
1135 195 15.77 8.53 2.62 5.91
1151 212 1 5.85 8.61 2.66 5.95
1205 225 15.93 8.69 2.71 5.98
1220 242 16.04 8.80 2.78 6.02
1242' 262 16.21 8.97 2.39 6.08

1307 282 16.30 9.06 2.95 6.11
132" 300 16..,'. 9.20 3.34 6.16
1340 322 16.58 9.34 3.14 6.20
1402 34?' 16.63 9.39 3.17 6.22
1420 362 16.68 9.44 3.20 6.24
145) 392 16.73 9.49 3.24 6.25

1522 422 16.84 9.60 3.31 6.29
1550 450 16.S8 9.64 3.34 6.30
1620 482 1 7.01 9.77 3.43 6.34

1650 512 17.07 9.3 3.47 6.23
1720 540 17.11 q.87 3.50 6.37
1750 570 17.21 9.97 3.57 6.40
1804 584 Pdrp Off

- - ---



TABLE E.6

DRAWDOWN DATA FOR THE OBSERVATION WELL (MD 23-15)

Well Number: MD 23-15

Well Location: Observation
Measuring Point: Top of Casing (PVC)

Elevation Point: 12.55 feet MSL

Depth to 2

Time 't Water s S /2M s

Date (EDT) (min) (feet) (feet) (feet) (feet) Remarks

10/16 /86 0755 7.07 ....

0820 0 7.07 .-- -- Pump On

0821 1 7.09 .02 -- .02

0822 2 7.12 .05 -- .05
0823 3 7.14 .07 -- .07

0824 4 7.i5 .08 -- .08
0825 5 7.16 .09 -- .09

0826 6 7.76 .09 -- .09
0327 7 7.17 .10 -- .10

0R28 8 7.17 .10 -- .10

0829 9 7.18 .11 -- .11

083D 10 7.1S .11 -- .11

0831 11 7.19 .12 -- .12

0832 12 7.19 .12 -- .12
0833 13 -. 20 .13 -- .13
0834 14 7.20 .13 -- .13

0835 15 7.21 .14 -- .14
0836 16 -7.21 .14 -- .14

0838 18 7.22 .15 -- .15

0840 20 7.23 .16 -- .16

0842 22 7.24 .17 -- .17
0844 24 7.24 .17 -- .17
0846 26 7.25 .18 -- .18

0843 28 7.26 .19 -- .19
0850 30 7.26 .19 -- .19

0855 35 7.30 .23 -- .23

0900 40 7.31 .24 -- .24

0905 45 7.33 .26 -- .26

0910 50 7.34 .27 -- .27

0915 55 7.35 .28 -- .28
0920 60 7.36 .29 -- .29

0925 65 7.38 .31 .01 .30

0930 70 7.39 .32 .01 .31

0935 75 7.41 .34 .01 .33

0940 80 7.41 .34 .01 .33
0945 85 7.42 .35 .01 .34

0950 90 7.43 .36 .01 .35
1000 100 7.44 .37 .01 .36

1010 110 7.45 .38 .01 .37

1020 120 7.47 .40 .01 .39

I 
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TABLE E.6
DRAWDOWN DATA FOR THE OBSERVATION WELL (MD 23-15)

(Continued)

Well Number: MD 23-15

Well Location: Observation

Measuring Point: Top of Casing (PVC)

Elevation Point: 12.55 feet MSL

Depth to 2
Time t Water s s /2M s

Dqte (EDT) (min) (feet) (feet) (feet) (feet) Remarks

1030 130 7.48 .41 .01 .40

104) 140 7.49 .4_ .01 .41

1050 15) 7.51 .44 .01 .43

1105 165 7.52 .45 .01 .44

1120 90 7.54 .47 .,1 .45
1135 195 7.55 .48 .01 .47
1150 2 D 7.57 .50 .01 .49

1205 2:5 7.59 .52 .01 .51
1220 240 . 0 .53 .01 .52
1240 260 7.62 .55 .02 .53
1300 280 7.64 .57 .02 .55

1320 300 7.65 .58 .02 .56

134 32)- .67 .61 .02 .58
14)0 340 7.69 .62 .02 .60

1420 360 7.71 .64 .92 .62
1450 390 7.73 .66 .02 .64
1520 423 7.74 .. 7 .02 .65

162) 480 7.78 .71 .03 .67

1650 510 7.80 .73 .03 .70

1720 549 7.81 .74 .03 .71

1750 570 7.83 .76 .03 .73
1804 584 Pump Off

1- 20



TABLE E.7

RECOVERY DATA FOR THE PUMPED WELL (MD 23-11)

WELL NUMBER: MD 23-11

WELL LOCkTION: Purmping Well
MEASURING POINT Top of Casing (PVC)

ELEVATION OF MP: 12.51 Feet MSL

Depth to 2

Wtcr s S

Date (min) (min) (min) (feet) (feet) (feet) (f-t)

1'16/86 5R4 0 -- -- -- --

585 1 585.0 11.95 4.71 .78 3.' 3

586 2 293.0 10.35 3.11 .34 2.77
587 3 i96.0 9.68 2.44 .21 2.23
5R8 4 147.0 9.29 2.05 .15 1 W.9

5R9 5 11R.0 9.01 1.77 .11 1.66

59 6 q8.0 8.81 1.57 .09 1.41

591 7 84.0 R.65 1.41 .07 1.34

5c2 9 74.0 8.47 1 .23 .05 1.18

593 ) 66.0 8.37 1.13 .04 1.09

594 11 59.0 8.31 1 .07 .04 1 .03

12 53.0 8.29 1 .04 .04 00

598 14 43.0 8.24 1 .00 .04 .96

6)0 I6 37. 5 8.22 .98 .03 .95
602 I8 33.4 8.19 .95 .03 .92

6)4 2-) 30.2 8.17 .93 .03 .9

6.6 22 27.5 8.15 .91 .03 .8)

60R 24 25.3 8.13 .89 .03 E-4

610 26 23.5 8.12 .83 .03 .85

612 23 21.9 8.10 .86 .03
614 30 20.5 8.09 .85 .03 .32

619 35 17.7 3.06 .82 .02 .')

624 40 15.6 8.03 .79 .02

629 45 14.0 8.01 .77 .02 75

634 50 12.7 7.99 .75 .02 .7i
63Q 55 11.6 7.96 .72 ..2 1

644 60 10.7 7.95 .71 .02 .6 -

649 65 1o. 7.93 .69 .02 .67

654 70 9.3 7.91 .67 .02

659 75 8.8 7.90 .66 .02 .64

664 80 8.3 7.89 .65 .01 .64

669 85 7.9 7.88 .64 .01 .63

674 90 7.6 7.87 .63 .01 .62
684 100 6.3 7.85 .61 .01 .r60

694 110 6.3 7.82 .58 .01 .51

704 120 5.9 7.81 .57 .01 .56



TABLE E.8

RECOVERY DATA FOR OBSERVATION WELL (MD 23-15)

WELL NUMBER: MD 23-15

WELL LOCATION: Observation Well

MEASURING POINT: Top of Casing - (PVC)

ELEVATION OF MP: 12.55 Feet MSL

Depth to 2
t' t/t' Water s s /2M s

Date (mi) (min) (min) (feet) (feet) (feet) (feet)

10/16/86 5R4 0 -- -- -- -- --

585 1 365.0 7.81 .74 .03 .71

586 2 293.0 7.79 .72 .03 .69

587 3 196.0 7.77 .71 .03 .68

588 4 147.0 7.76 .69 .03 .5

589 5 118.0 7.75 .68 .02 .66

590 6 98.0 7.74 .67 .02 .65

591 7 84.0 7.73 .66 .'2 .64

592 9 74.0 7.72 .65 .02 .63

593 66.0 7.715 .645 .02 .625

594 10 59.0 7.71 .64 .02 .62

596 12 50.0 7.69 .62 .02 .60

593 14 43.0 7.685 .615 .02 .595

600 16 37.5 7.68 .61 .02 .59

602 18 33.4 7.675 .605 .02 .535

604 20 3,9.2 7.67 .60 .02 .53

606 22 27.5 7.66 .59 .02 .57

608 24 25.3 7.655 .585 .02 .565

610 26 23.5 7.65 .59 .02 .56

612 2R 21.9 7.64 .57 2 55

614 30 20.5 7.635 .565 .02 .545

619 35 17.7 7.62 .55 .02 .53

624 40 15.6 7.61 .54 .02 .52

629 45 14.0 7.60 .53 .01 .52

634 50 12.7 7.59 .52 .01 5i
639 55 11.6 7.58 .51 .01 .50

644 60 10.7 7.57 .50 .01 .49
649 65 10.0 7.56 .49 .01 .48

654 70 9.3 7.55 .48 .01 4-

659 75 8.8 7.545 .475 .01 .46

664 80 8.3 7.54 .47 .01 .465

669 85 7.9 7.53 .46 .01 .45

674 90 7.5 7.52 .45 .01 41

684 100 6.8 7.51 .44 .01 .41

694 110 6.3 7.50 .43 .01 .42

704 120 5.9 7.49 .42 .01 .41

- --



2

s !2M: A correction to account for dewatering of the

aquifer system, in feet. The initial saturatcd

thickness of the system is M.

sI: Residual drawdown in the well, correct for

dewatering, in feet. s' = s - s /2M).

F:- 2
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APPENDIX F

GEOPHYSICAL SURVEY PROGRAM

The geophysical survey program conducted at MacDill AFB consisted

of electrical resistivity surveys, a magnetic survey, and a metal

detector survey. The purpose of these surveys was generally to deter-

mine appropriate locations for new monitoring wells based on observed

anomalies that would possibly indicate the extent and direction of

contaminant migration. This appendix provides the data collected during

these surveys and conclusions based upon data interpretation. The

appendix is organized as follows:

o Geophysical Methodology

o Site Specific Results

o Summary

F.1 GEOPHYSICAL METHODOLOGY

F.1.1 Electrical Resistivity Methodology

The electrical resistivity survey consisted of both vertical and

horizontal resistivity measurements. These measurements, obtained with

a Bison Earth Resistivity Model 2350B meter, indicated the relative

electrical resistance of the earth, in ohms, to the conductance of an

induced electric current through metal probes or electrodes driven into

the ground. As an example of the resistive nature of the subsurface, an

uncontaminated fresh-water aquifer will exhibit a relatively high resis-

tivity, whereas a fresh-water aquifer contaminated with polar organic

molecules or ionized metals will exhibit a relatively low resistivity.

Also, fractures or solution cavities will exh-ibit a moderately low

resistivity compared to solid bedrock.

Vertical resistivity measurements, termed soundings, indicate the

variation of resistivity at different depths beneath one point on the

ground surface. The resistivity sounding method applied at MacDill Air

F-



Force Base was the "Modified Wenner Electrode Array" (Carrington and

Watson, 1981). In this method the current electrodes (those furthest

from the center of the array) are stationary while the potential elec-

trodes (those closest to the center of the array) are moved away from

the center at equally spaced distances. Figure F.1 illustrates the

basic resistivity setup for soundings. In the "Modified Wenner

Electrode Array" the potential electrode distance closely approximates

the depth of investigation into the subsurface. For example, a sounding

with a total potential electrode distance of thirty feet would indicate

resistivity values at approximately thirty feet below the ground sur-

face. The midpoint of the array is considered the point on the surface

directly above the measured resistivity.

Horizontal resistivity measurements, on the other hand, are termed

"profiles" and indicate the variation of resistivity at one approximate

depth over many ground-surface locations. The resistivity profile

method applied at MacDill Air Force Base was the standard Wenner Array

(Wenner, 1916). In this method the current and potential electrodes are

driven into the ground at equal distances from one another. Figure F.2

illustrates the basic resistivity setup for profiles. The depth of

investigation is a zone of the subsurface approximately three-fourths to

,- - r -r& t e nr-inq. -r example, an electrode spacing of

fifty feet in the Wenner Array would investigate a zone of the sub-

surface between approximately 38 to 50 feet deep. The midpoint of the

array is considered the point on the surface directly above the measured

resistivity. Three to four Wennr Arrays were utilized at each station

to distinguish shallow and deep subsurface variations in resistivity.

The presentation of the profile data for each siLe is in the form of

computer contour plots.

F.1.2 Magnetic Methodology

The magnetic survey consisted of station to station measurements to

locate buried fuel storage tanks at Site B. The measurements were

obtained with a Geometrics G816/826A Proton Magretometer which indicates

the total magnetic field intensity in gammas. The magnetometer operates

by temporarily polarizing the nuclei of the hydrogen atom in a sample of

hydrocarbon fluid with a uniform magnetic field generated by a current

in a coil of wire within the sensor. The spinning protons behave like

F-2



FIGURE F.1
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FIGURE F.2
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small, spinning magnetic dipoles which, when the current is removed,

precess about the direction of the earth's magnetic field. The pre-

cessing protons generate a signal in the coil within the sensor, whose

frequency is precisely proportional to the total magnetic field

intensity. This frequency is measured by a digitizer within the unit

and converted to gammas with an accuracy of 1 gamma in the average earth

magnetic field of 50,000 gammas (Breiner, 1973). As an example, back-

ground readings made some distance away from a site and metallic or

electrical objects indicates the natural local total magnetic field

intensity. As a magnetic target is approached there is an initial

decrease in the locdl total magnetic field due to interference produced

by the target. This decrease in magnetic field intensity is followed by

a major increase in the magnetic field above the local background

readings. This is indicated by the magnetometer as increased gamma

readings. The initial decrease in gamma readings causes the target to

appear slightly ahead of its actual position along the line of the

survey. This apparent shift of the target (heading factor) must be

compensated for in locating the target.

F.1.3 Metal Detection Methodology

The metal detection survey was conducted with a Fisher TW-5 Pipe

and Cable Locator. The TW-5 was used to locate buried pipes, cables,

various metallic debris and to locate the boundaries of the buried fuel

storage tanks at Site B. The T W-5 has an effective depth of penetration

of up to eight feet depending upon the size of the target, the type of

soil, the amount of interference, etc. The TW-5 operates by creating an

alternating magnetic field around the transmitter coil. This primary

magnetic field is nullified such that the receiver coil is not affected

by the primary field. This is accomplished by orienting the planes of

the two coils perpendicular to each other. The primary magnetic field

will, therefore, induce eddy currents in a metallic target within range

of the instrument. The eddy currents produce a secondary magnetic field

which disrupts the existing null condition. The result is a deflection

of the meter needle and an audio signal when a metallic object is within

range (Benson, et.al., 1982).
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F.1.4 Electromagnetic Methodology

Conductivity measurements were obtained in the area believed to

contain the Chemical Munitions Burial Area (Site 11) with a Geonics

EM-31 ground conductivity meter which measures the conductivity of the

ground to a depth of approximately six meters. The EM-31 operates by

transmitting electrical current into the ground in the form of circular

loops. The current loops generate a magnetic field in the ground which

is directly proportional to the terrain conductivity. The instrument

receiver measures the induced magnetic field, converts it to an output

voltage, and displays the apparent conductivity in millimhos per meter

(Geonics 1984).

The apparent conductivity of the ground measured by this method is

a function of the ability of subsurface materials to transmit electrical

currents. The EM-31 was utilized in the area to locate areas of high

conductivity indicative of conductive wastes, conductive ground water

and/or metallic debris.

F.2 SITE SPECIFIC RESULTS

F.2.1 Site B (Former Puel Storage Area)

Magnetic Survey

A magnetic survey was conducted at Site B on August 7, 1986. Prior

to conducting the magnetic survey, a Fisher Model TW-5 Pipe and Cable

Locator was used at the site to see if the tanks could be detected. The

metal detector did respond to the metallic fuel tanks as well as the

pipes which were used to transport the fuel. The boundaries of two sets

of fuel tanks were located and marked temporarily at the site with

flags. The dimensions of the tanks correlated well with a construction

drawing of the site given to ES by MacDill AFB Civil Engineering.

To further confirm the location of the fuel tanks, a magnetic

survey was conducted at the site. The site was divided into ten foot

increments and magnetometer readings were taken every ten feet across

the suspected area. Figure F.3 shows the locations of the magnetometer

stations. Figure F.4 shows the results of the magnetic survey as a

contour plot of the values at each station. The approximate locations

of the two sets of fuel tanks and pipe locations in Figures F.3 and F.4
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are taken from the construction diagram of the site. The magnetic

survey reveals two anomolously high areas which lie slightly southwest

of the expected boundaries. The high values are shifted slightly

southwest due to a heading factor (see Page F-5) such that the

boundaries of the two sets of fuel tanks are nearly identical to those

determined by the cable-metal detector and construction diagram. The

values at the magnetometer base station varied from 49,247 to 49,249

gammas and readings were taken at the base station throughout the survey

of Site B to assure consistent data.

Resistivity Survey

The resistivity survey at Site B consisted of both soundings and

profiles. Figure F.5 shows the locations of the sounding and profile

stations. The sounding at Site B was conducted along the northeast

boundary of the site along Short Cut Road to a depth of 60 feet. The

apparent resistivity values are plotted versus the potential electrode

spacing (depth below ground surface) on Figure F.6. The sounding did

not confirm the suspected subsurface stratigraphy and geologic

interpretation is based upon subsequent well installation. Table F.1

summarizes the data from which the sounding graph was generated.

Profiles at Site B consisted of electrode spacings of 5, 10, 20,

and 30 feet. These spacings were chosen to fully penetrate the

surficial sand deposit which, based upon previous boring logs around the

base, extends to approximately 20 feet below ground surface. The

five-foot ER profile map (Figure F.7) indicates anomalously low

resistivity values to the south and southwest of the southeastern tank

cluster. The 10-foot ER profile map (Figure F.8) also indicates low

resistivity values in the same region. The 20 and 30-foot ER profile

maps (Figure F.9 and F.10) indicate no extensive anomolous pattern. The

low values registered at profile station P-6 (Figure F.5) on both the 20

and 30-foot ER profile maps may have been affect-d by buried water and

fuel lines (see Figure F.5). The lines only affected the deeper

profiles because the array is spread out much further for deeper

investigations. The electrodes may have been placed too close to the

lines and prohibited a complete circuit, resulting in erroneously low

resistivity values.
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Anomalously low resistivity values at Site B existed south and

southwest of the southeastern tank cluster at depths of 5 and 10 feet.

Well MDB-3 was located to investigate these low values. Since no other

extensive anomalous patterns were detected at the site, wells MDB-2 and

MDB-4 were located in opposite corners downgradient of the site. The

downgradient direction was determined from surface water drainage

features and topography. Groundwater flow direction was estimated to be

south to southeast. Well MDB-1 was located as an upgradient well based

upon this estimated flow direction.

F.2.2 Site No. 3 (Landfill at Dog Kennel)

Resistivity Survey

The resistivity survey at Site 3 consisted of both soundings and

profiles. Figure F.11 shows the locations of the sounding and profile

stations. The sounding at Site 3 was conducted to a depth of 60 feet

north of Southshore Road near the munitions storage facility. Figure

F.12 is the graph of the sounding and correlation with existing well log

data from Site 3. The sounding confirmed the presence of three distinct

subsurface units which correlated with subsequent well log data. Table

F.2 summarizes the data from which the sounding curve was generated.

The profile measurements obtained at Site 3 consisted of profiles

at electrode spacings of 5, 10, 20 and 30 feet. The five-foot ER

profile map (Figure F.13) indicates low resistivity values along the

western and southwestern drainage ditches. There are also two points,

P-10 and P-11 (see Figure F.11 for location), which are isolated low

values near well MD3-3. The 10-foot ER profile map (Figure F.14)

indicates low resistivity values in the same general areas as indicated

by the five foot profile depth. The low values located near well MD3-3

are further west, nearer the well. The 20-foot ER profile map (Figure

F.15) indicates relatively low resistivity values in the same general

areas as in the 5 and 10 foot profiles. The values at a depth of 20

feet are not as low, relative to surrounding values, as those in the 5

and 10 foot profiles. The 30-foot ER profile map (Figure F.16) again

indicates two low resistivity zones in the same general areas as in the

shallower profiles. The low values at a depth of 30 feet are reduced in

area and similar to the surrounding values.
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TABLE 0.1
SITE 3 SOUNDING
MACM ILL AFB

p-01 dial scale corrected k apparent cumulative
;pacing reading multiplier reading (feet) resinstivity resistivity
(feet) (oh~ms) (ohm) (ohm-t) (Ohm--Ft)

2.00 54.00 0.001 0.0540 2499.80 134.99 134.99
4.00 77.50 0.001 0.07Z5 1249.50 91.84 2=6.8=
6.00 86.50 0.001 0.0865 832.60 72.02 298.85
8.00 91.00 0.001 0.0910 624.00 56.78 5M.9::

10.00 117.00 0.001 0.1170 496.80 58.36 413.99
12.00 166.50 0.001 0.1665 415.20 69.13 49.12
14.00 142.00 0.001 0.1420 355.40 50.47 57, =.I

16.00 195.00 0.001 0.1850 310.50 57.44 591.03
18.00 192.50 0.001 0.1925 275.50 53.03 644.06
20.00 22-.50 0.001 0.2235 247.50 55.32 699. 39
2. 00 239.00 0.001 0.2390 =:4.50 53.6a 75Z. 04
24.00 250.50 0.001 0.2505 205.30 51.4Z 804.46
26.00 283.00 0.001 0.2830 169.10 53.52 857.96
8.00 324.50 0.001 0.3245 175.10 56.82 914.90

30.00 343.00 0.001 0.3430 162.90 55.87 970.67
32.00 403.50 0.001 0.4035 152.30 61.45 103Z.1Z
34.00 413.00 0.001 0.4130 142.80 58.98 1091.10
36.00 438.00 0.001 0.4380 134.40 58.87 1149.97
38.00 457.00 0.001 0.4570 126.80 57.95 1=07.9:
40.00 470.00 0.001 0.4700 120.00 56.40 1264.12

42.00 53.50 0.001 0.5335 113.90 60.71 1325.03
44.00 5=.00 0.001 0.5330 108.10 57.62 1382.6!-
46.00 5-8.00 0.001 0.5380 102.90 55.36 1438.01
48.00 531.00 0.001 0.5310 98.20 52.14 1490.15
50.00 629.00 0.001 0.6290 93.60 59.00 !549.1t
52.00 646.50 0.001 0.6465 89.70 57.99 1607.14
54.00 686.50 0.001 O%665 85.80 58.90 1666.05
56.00 705.00 0.001 0.7050 92.30 58.02 17=4.07
58.00 746.00 0.001 0.7460 79.00 58.93 1783. :O
60.00 801.00 0.001 0.8010 75.80 60.72 184=.72

CORRECTED READINS - DIAL READING * SCALE MULTIPLIER - I-V/l

APPARENT RESISTIVITY - 241V/I * k
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TABLE F.
SITE 3 SOUNDING I
MACDILL AFB

P-Pl dial scale corrected k apparent cumulative
spacing reading multiplier reading (+eet) resistivity resistivity
(-foet) (ohms) (ohms) (o~M-4t) (ohm-*t)

2.00 239.00 0.001 0.2390 899.80 215.05 215.05
4.00 489.00 0.001 0.4890 449.50 219.81 474.86
6.00 518.00 0.001 0.5190 299.30 155.04 589.90
8.00 749.50 0.001 0.7495 Z24.00 167.89 757.78

10.00 119.50 0.010 1.1950 178.80 213.67 971.4Z
12.00 107.50 0.010 1.0750 148.50 159.64 1171.09
14.00 158.00 0.010 1.3800 126.80 174.99 1706.07

16.00 135.50 0.010 1.3550 110.50 149.73 j4t5.8(

18.00 170.00 0.010 1.7000 97.80 166.26 1622.06
20.00 188.00 0.010 1.8800 87.50 164.50 1786.56
=.00 197.50 0.010 1.9750 79.10 156.22 1942.76
24.00 201.00 0.010 2.0100 72.00 144.72 2087.50
:6.00 169.00 0.010 1.6800 70.00 117.60 205. 0
28.00 212.00 0.010 2.1200 60.80 128.90 23:4.0("
30.00 227.00 0.010 2.2700 56.30 127.80 Z461.80
32.00 258.00 0.010 2.5800 52.30 134.93 2596.73
34.00 289.00 0.010 2.9900 48.70 140.74 :7;7.47
36.00 324.50 0.010 3.2450 45.50 147.65 2885.:z
38.00 317.00 0.010 3.1700 42.60 135.04 :0:0.16

40.00 346.00 0.010 3.4600 40.00 139.40 :158.56
42.00 355.00 0.010 3.5500 37.60 133.48 =292.04
44.00 415.50 0.010 4.1550 35.40 147.09 349.1-
46.00 427.50 0.010 4.2752 3.40 142.79 :591.02
48.00 450.50 0.010 4.5050 31.50 141.91 372 .SZ
50.00 482.00 0.010 4.8200 29.80 143.64 :867.46
52.00 505.00 0.010 5.0500 28.1o 141.9: 40(,9.:6
54.00 568.00 0.010 5.6800 26.60 151.011 4160.,"!
56.00 562.50 0.010 5.6250 25.10 141.19 4:01.64
5B.00 560.00 0.010 5.6000 23.80 133.28 44:4.92
60.00 621.50 0.010 6.2150 22.50 139.84 4574.76

CORRECTED READING - DIAL READING * SCALE MULTIPLIER = 2fV/I
k - 1/[(1/r1)-(1/ri)-(1/r3)4(U'r4)]
APPARENT RESISTIVITY = fT1V/I * k
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The anomalously low resistivity values at Site 3 existed along the

drainage ditches west and south of the site. The ditches are tidally

influenced and contain brackish water of high conductivity (see Section

4 for field conductivity measurements). The low resistivity values are

interpreted to be caused by an influx of the brackish water into the

soils surrounding the ditches. These low values may mask any

resistivity anomalies associated with possible leachate plumes. The

ditches and existing wells, however, were sampled during the field

investigation to substantiate the areas of low resistivity. The

upgradient well MD3-6 was located in an area of high-r background

resistivity values. The upgradient direction was determined from water

level measurements of existing wells completed within the shallow

surface aquifer at Site 3.

F.2.3 Site No. 9 (Recent Landfill)

Resistivity Survey

The resistivity survey at Site 9 consisted of both soundings and

profiles. Figure F.17 shows the location of the sounding and profile

stations. The sounding at Site 9 was conducted to a depth of 60 feet

outside the site along Rattlesnake Road. Figure F.18 is the graph of

the sounding and is correlated with existing well log data from Site 9.

The sounding did not confirm suspected subsurface stratigrapy and

geologic interpretation is based upon subsequent well log data. The

sounding data is summarized on Table F.3.

The profile measurements obtained at Site 9 consisted of profiles

at electrode spacings of 5, 10, 20 and 30 feet. The five-foot ER pro-

file map (Figure F.19) indicates that low resistivity values exist just

west of the pond. Low resistivity values also exist along the western

border (Broad Creek) where existing ronitor wells MD9-1,2 and 3 are

located. High resistivity values exist along the southern portion of

the road which enters the site at this depth. The 10 foot ER profile

map (Figure F.20) also indicates low resistivity values east and south

of the pond. The low resistivity values along the western border of

the site are also present at this depth. The 20 and 30 foot ER profile

maps (Figures F.21 and F.22 respectively) indicate that the resistivity

values at these depths are more consistent. Low values still exist in

the same general areas as in shallower profiles but are similar to

surrounding values.
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FIGURE F.18
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TABLE F.3
SITE 9 SOUNDING 1
MACD ILL AF

p-Ip1 dial scale corructd k apparent cumulative
spacing reading multiplier reading (Feet) resistivity resistivity
(fast) (ohms) (ohms) (ohm-4t) (ohm-+t)

2.00 8.00 0.010 0.0800 999.80 71.98 71.98
4.00 11.50 0.010 0.1150 449.50 51.69 1=-.6
6.00 14.00 0.010 0.1400 299.30 41.90 165.58
8.00 i.00 0.010 0.1900 224.00 40.32 :05.90
10.00 21.00 0.010 0.2100 179.90 37.55 24:.45
12.00 24.50 0.010 0.2450 148.50 36.8 279.87
14.00 29.00 0.010 0.2900 126.80 36.77 716.oo
16.00 32.50 0.010 0.3250 110.50 :5.91 :s:.5i
t8.00 37.00 0.010 0.3700 97.80 36.19 Z88.70
20.00 40.00 0.010 0.4000 97.50 35.00 4:3.70
Z.2.00 43.50 0.010 0.4=50 79.10 34.41 458.1i
,24.00 48.00 0.010 0.4800 72.00 Z4.56 

4
9:.&

7

"6.00 51.50 0.010 0.5150 70.00 36.05 52.7-
28.00 55.50 0.010 0.5550 60.80 33.74 56-.16
30.00 58.00 0.010 0.5800 56.30 -2.65 595.12
32.00 62.00 0.010 0.6200 52.30 32.43
34.00 65.50 0.010 0.6550 48.70 31.90 659.44
36.00 69.50 0.010 0.69 45.50 31.62 691.06
38.00 74.00 0.010 0.7400 42.60 31.52 722.51
40.00 77.00 0.010 0.7700 40.00 30.80 7;:. o
42.00 82.00 0.010 0.8200 37.60 30.33 784.Z:
44.00 85.00 0.010 0.9500 35.40 30.09 914. Z
46.00 99.50 0.010 0.899O 3.40 29.89 844.2'
48.00 95.50 0.010 0.9550 31.50 30.08 874.Z9
50.00 100.50 0.010 1.0050 29.80 29.95 904.::
52.00 105.00 0.010 1.0500 28.10 29.5 9:7.74
54.00 110.50 0.010 1.10*0 26.60 29.39 96Z.1"
556.00 115.00 0.010 1.1500 25.10 28.87 992.00
58.00 120.50 0.010 1.2050 73.90 28.69 1020.68
60.00 126.00 0.010 1.2600 22.50 29.35 1049.07

CORRECTED READING - DIAL READING * SCALE MULTIPLIER - 2,V/I
k a 1/C(1/rl)-(1/r2)-(1/r3)+(I/r4)J
APPARENT RESISTIVITY m 2r-V/I * k
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The anomalously low resistivity values at Site 9 are located along

Broad Creek, west and south of the site at depths of 5 and 10 feet. Low

resistivity values also exist at these depths, west and south of the

pond. Both the creek and the pond are tidally influenced and contain

brackish water of high conductivity (see Section 4 for field

conductivity measurements). The low resistivity values are interpreted

to be due to the influence of the brackish water within the surface

sandy sediments. The low values may mask any resistivity anomalies

associated with possible leachate plumes and, therefore, the creek and

existing wells were chosen as sampling stations during the field

investigation. Anomalously high resistivity values at Site 9 existed

along the southern portion of the road leading to the site from

Rattlesnake Road at depths of 5 to 10 feet. Downgradient wells MD9-5

and MD9-6 were located south of the landfill area within a zone of high

resitivity values. Downgradient well MD9-7 was located southwest of the

pond in a zone of low resistivity values. The locations of the wells

were chosen to be as close to the landfill as possible and downgradient.

The upgradient well MD9-4 was located in an area of consitent resisti-

vity values. The downgradient direction was determined from water level

measurements of existing wells completed within the shallow surface

aquifer at Site 9 and from the investigation conducted by Water and Air

Resources, Inc. (Water and Air Resources, 1984).

F.2.4 Site No. 13 (old Creosote Pit)

Resistivity Survey

The resistivity survey at Site 13 consisted of both soundings and

profiles. Figure F.23 shows the location of the sounding and profile

stations. The sounding at Site 13 was conducted to a depth of 60 feet.

Figure F.24 is a graph of the sounding an the interpretation. The

sounding did not confirm suspected subsurface stratigraphy and geologic

interpretation is based upon subsequent well log data from Site 13 and

surrounding sites. The sounding data is summarized on Table F.4.

The profile measurements obtained at Site 13 consisted of profiles

at electrode spacings of 5, 10, 20 and 30 feet. The five-foot ER pro-

file map (Figure F.25) indicates low resistivity values located approxi-

mately 100 feet southeast of the water retention pond. This anomaly is

interpreted to be the possible location of the abandoned creosote pit.
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FIGURE F.24
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TABLE F.4
SITE 13 SOUNDING 1

MACDILL AFS

p-p1 dial scale corrected k apparent cumulative
ipacing reading multiplier reading (feet) resistivity resistivity
(fest) (ohms) (ohms) (ohm-+t) (ohm-it)

2.00 262.00 0.001 0.2620 999.80 23'5.75 2'5.7t
4.00 464.00 0.001 0.4640 449.50 208.57 444.::
6.00 722.50 0.001 0.7=25 299.30 216.24 660.56

8.00 909.00 0.001 0.9080 =4.00 203.39 8e6.95
10.00 100.50 0.010 1.0050 179.80 179.69 1047.65
12.00 151.00 0.010 1.5100 148.50 224.24 1=67.a8
14.00 154.00 0.010 1.5400 126.80 195.27 1467.15
16.00 161.00 0.010 1.6100 110.50 177.91 lb41.06
19.00 218.00 0.010 2.1800 97.80 213.20 1854.2!
0.00 249.00 0.010 2.4900 87.50 217.99 207:.14

22.00 281.00 0.010 2.8100 79.10 2.27 2:!4.41
24.00 294.00 0.010 2.9400 72.00 211.68 2506. )9
26.00 39.00 0.010 3.2900 70.00 230.30 2776.39
28.00 345.50 0.010 3.4550 60.80 210.06 2946.45
30.00 385.00 0.010 3.8500 56.30 216.76 3!6Z.Z1
Z2.00 402.50 0.010 4.0250 52.30 210.51 :72.71
34.00 473.50 0.010 4.7350 48.70 2:0.59 7604.2:

36.00 489.50 0.010 4.8950 45.50 222.72 3827.0:
38.00 527.00 0.010 5.2700 42.60 224.50 4051.5
40.00 545.00 0.010 5.4500 40.00 218.00 4269.5:
42.00 584.00 0.010 5.8400 37.60 219.58 4489.12
44.00 658.50 0.010 6.5850 35.40 233.11 472.2
46.00 696.50 0.010 6.9650 33.40 2Z2.6 3 4954.86
48.00 738.00 0.010 7.3800 31.50 232.47 5187.2:
50.00 733.00 0.010 7.3300 29.80 218.43 5405.76
52.00 922.00 0.010 9.2200 28.10 259.08 5664.84
54.00 113.00 0.100 11.3000 26.60 300.59 5965.42
56.00 119.00 0.100 11.9000 25.10 298.69 6264.11
58.00 123.00 0.100 12.3000 23.80 292.74 6556.85
60.00 135.00 0.100 13.5000 22.50 303.75 f960.6o

CORRECTED READING - DIAL READING * SCALE MULTIPLISR - 2r V/I
k * l/C(1/r1)-(l/r2)-(1/r3) (1/r4) ]

APPARENT RESISTIVITY - 2''V/I * k
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The low resistivity values located within the water retention pond are

interpreted to be due to the shallow depth to ground water beneath the

pond. Low resistivity values also exist south of the parking lot along

C Street. The 10-foot ER profile map (Figure F.26) indicates more

prominent low resistivity values southeast of the water retention pond.

The 20 and 30-foot ER profile maps (Figure F.27 and F.28, respectively)

indicate no anomalously low resistivity areas. The low resistivity

values at profile station P-12 at both 20 and 30-foot depths is

interpreted to be due to interference from a metal storm sewer pipe

which runs parallel to C Street. Not all profile stations were

investigated at depths of 20 and 30 feet. The deletions north and south

of the site at these depths cause Figure F.27 and Figure F.28 to appear

incomplete.

Anomalous resitivity values at Site 13 existed southeast of the

water retention pond and along C Street south of the parking lot at

depths of 5 and 10 feet. Well MD13-2 was located downgradient of one

low resistivity anomaly and well MD3-3 was located downgradient of the

other. The location of the creosote pit was unknown and well locations

were based upon anomalous patterns in the recorded resistivity values.

The upgradient well MD13-1 was located in an area of higher background

resistivity. The upgradient and downgradient directions were determined

form water level measurements from existing wells completed within the

shallow surface aquifer located on MacDill AFB and from the previous

investigation conducted by Water and Air Resources, Inc. (Water and Air

Resources, 1984).

F.2.5 Site No. 23 (Fire Training Areas)

Resistivity Survey in Active Fire Training Area

The resistivity survey at the Active Fire Training Area consisted

of both soundings and profiles. Figure F.29 shows the locations of the

sounding and profile stations. The sounding at the Active Fire Training

Area was conducted to a depth of 100 feet. Figure F.30 is the graph of

the sounding and geologic interpretation based upon the log of well

MD23-7 and surrounding deep wells MD23-Dl AND MD23-D2. The sounding did

not distinguish the subsurface stratigraphy. A possible solution cavity

or fracture, however, was detected at approximately 42 to 45 feet below

ground surface within what is interpreted to be the Tampa Limestone.

Table F.5 summarizes the sounding data.
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TABLE F.5
SITE 23 PRESENT FTA SOUNDING 1
MACDILL AFB

P-pl dial scale corrected k apparent cumulati/e

pacing reading multiplier reading (feet) resistivity resistivitY
(4eet) (ohms) (ohms) (ohe-4t) (ohm-4t)

2.0 60.0 0.001 0.0600 2499.80 149.99 149.,q

4.0 78.0 0.001 0.0780 1249.50 97.46 247.45

6.0 93.0 0.001 0.0930 832.60 77.43 324.38

8.0 108.5 0.001 0.1085 624.00 67.70 392.58

10.0 137.0 0.001 0.1370 498.80 68.34 460.92

12.0 166.0 0.001 0.1660 415.20 6e.92 529.84

14.0 191.5 0.001 0.1915 355.40 68.06 597.90

16.0 216.0 0.001 0.2160 310.50 67.07 564.97

18.0 237.5 0.001 0.2375 275.50 65.43 730.40

20.0 268.5 0.001 0.2685 247.50 66.45 796.86

2.0 284.0 0.001 0.2840 224.50 63.76 860 61

24.0 308.5 0.001 0.3085 205.30 63.34 923.95

26.0 330.0 0.001 0. =00 189.10 62.40 9S6.35

2s.0 354.5 0.001 0.3545 175.10 62.07 1048.42

30.0 398.5 0.001 0.3885 162.90 6.3.29 1111.71

32.0 406.5 0.001 0.4065 152.30 61.91 117.62
34.0 422.5 0.001 0.4225 142.80 60.=3 1=33.9m

36.0 452.5 0.001 0.4525 134.40 60.82 1294.77

39.0 474.0 0.001 0.4740 126.80 60.10 1254.97
40.0 509.0 0.001 0.5090 120.00 61.08 !s.d

42.0 528.5 0.001 0.5285 113.80 60.14 1476.10

44.0 449.5 0.001 0.4495 108.10 48.59 1524.69

46.0 577.0 0.001 0.5770 102.90 59.37 1584.06
48.0 600.0 0.001 0.6000 98.20 58.92 16 42.R8

50.0 636.5 0.00-1 0.665 93.80 59.70 1702.68

52.0 655.0 0.001 0.6550 89.70 58.75 1761.44

54.0 684.0 0.001 0.6840 85.80 -58.69 1820.13
56.0 709.0 0.001 0.7080 82.30 58.27 1878.7q

58.0 737.0 0.001 0.7370 79.00 59.22 1936.62
60.0 762.0 0.001 0.7620 75.90 57.76 1994.38

62.0 789.0 0.001 0.7990 72.90 57.52 2051.89
64.0 810.5 0.001 0.9105 70.10 56.82 210B.71

66.0 861.0 0.001 0.8610 67.50 58.12 2166.83

68.0 878.0 0.001 0.8780 65.00 57.07 223.9.
70.0 898.5 0.001 0.8985 62.70 56.34 2290.23

72.0 926.5 0.001 0.9265 60.40 55.96 2336.1z
74.0 938.0 0.001 0.9380 58.30 54.69 2390.88
76.0 977.0 0.001 0.9770 56.30 55.01 2445.89

78.0 103.0 0.010 1.0300 54.40 56.0 ::501.9=
80.0 105.0 0.010 1.0500 52.50 55.13 2557.04

82.0 109.0 0.010 1.0900 50.70 55.26 :612.31

84.0 112.5 0.010 1.1250 49.00 55.13 2667.4:

96.0 116.0 0.010 1.1600 47.40 54.9e 2722.41
99.0 118.0 0.010 1.1800 45.80 54.04 Z776.4o

90.0 122.5 0.010 1.2250 44.30 54.27 :830.77
92.0 125.0 0.010 1.2500 42.80 53.50 2884.2Z

94.0 130.5 0.010 1.3050 41.40 54.03 2938.25
96.0 134.0 0.010 1.3400 40.10 53.73 290.C

98.0 13B.5 0.010 1.3850 38.80 53.74 ;045.72

100.0 145.5 0.010 1.4550 37.50 54.56 3100.29

CORRECTED READING = DIAL READING * SCALE MULTIPLIER - 2rfV/I
k - 1/C(1/r1)-(I/r2)-(1/r3)+(1/r4)]
APPARENT RESISTIVITY = 2fV/r * k



The profile measurements obtained at the Active Fire Training Area

consisted of electrode spacings of 5, 10, 20, 30 and 50 feet. The five-

foot ER profile -ap (Figiire F.31) reveals three areas of low resistivity

values. Low values exist within the fire training area (FTA) and to the

southwest of the FTA. The values within these two areas are of the same

magnitude. The third area of low resistivity is located to the east of

the FTA and is much more prominent than the other two (i.e., the

resistivity values are significantly lower). The low values cover a

large area off-site and extend to the northeast. The 10-foot ER profile

map (Figure F.32) indicates two areas of low resistivity. One area is

located southwest of the FTA in the same location as in the five-foot

profile map. The other area extends eastward directly from the site and

contains very low resistivity values. The 20-foot ER profile map

(Figure F.33) also indicates two areas of low resistivity. One

prominent area again extends directly from the site and broadens to the

east. Another low value area exists soutn of the Active Fire Training

Pit. The low values associated with this area are again, higher than

those east of the site. The 30-foot ER map (Figure F.34) indicates the

same general pattern as the 20-foot profile map. The prominent anomaly

at this depth is, however, reduced in areal extent. The 50-foot ER

profile map (Figure F.35) indicates only one low resistivity area exists

at this depth. The low values at a depth of 50 feet are located

southeast to east of the Active Fire Training Area and are greatly

reduced in areal extent in comparison with the profiles at shallower

depths.

Low resistivity anomalies at the Active FTA existed south and

southwest of the fire training pits at depths of 5, 10, 20 and 30 feet

b';low gr:und surface. A broad area of l4 resistivity values also

existed east of the FTA at all profile depths. The downgradient

direction of groundwater flow within the shallow surface aquifer was

determined from water level measurements of the existing wells (MD23-1,

MD23-2, and MD23-3). Wells MD23-8 and MD23-9 were located downgradient

of the site to investigate the low resistivity values south and

southwest of the FTA. Well MD23-10 was located downgradient to

investigate the low resistivity values east of the FTA. Well MD23-7 was

located upgradient of the site in an area of average resistivity values
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FIGURE F.32
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FIGURE F.33
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at Site 23. No extensive resistivity anomaly existed at a depth of 50

feet below ground surface. The deep wells installed at the Active FTA,

therefore, were located based upon potentiometric maps of the Floridan

Aquifer System for the area including MacDill AFB. Deep well MD23-Dl

was located upgradient of both the Active and Inactive Fire Training

Areas. Well MD23-D2 was located downgradient of the Active FTA. Both

wells were completed within the Tampa Limestone of the Floridan Aquifer

System.

Resistivity Survey in Inactive Fire Training Area

The resistivity survey at the Inactive Fire Training Area consisted

of both soundings and profiles. Figure F.36 shows the locations of the

sounding and profile stations. The sounding at the Inactive Fire

Training Area was conducted to a depth of 100 feet. Figure F.37 is the

graph of the sounding and correlation with logs of existing borings

MD23-11, 12, 13 and D3. The sounding was not conclusive in distinguish-

ing subsurface stratigraphy and geologic interpretation is based largely

upon subsequent boring log data from wells installed at the site. Table

F.6 summarizes the sounding data.

The profile measurements at the Inactive FTA were obtained with

electrode spacings of 5, 10, 20, 30 and 50 feet. The five-foot ER

profile map (Figure F.38) indicates two areas of low resistivity. A

large area of low resistivity values lies south and southeast of the

site and extends southeast. A smaller area of low resistivity values

exists directly southwest of the inactive fire pit and extends

southwest. The 10-foot ER profile map (Figure F.39) indicates two areas

of low resistivity in the same locations. The area located southwest of

the inactive fire pit at this depth, however, contains values similar to

those within the larger area south of the site. The 20-fDzt EK Trofile

map (Figure F.40) indicates the same pattern of low resistivity values.

A connection between the two areas is more evident at this depth than at

shallower depths. The 30-foot ER profile map (Figure F.41) indicates

one large area of anomalously low resistivity values which extends

directly from the Inactive FTA and extends south-southeast away from the

site. The 50-foot ER profile map (Figure F.42) indicates the same

general pattern of low resistivity values as that of the 30-foot profile

depth. The values recorded at this depth, however, are similar over the

entire site and are not interpreted as anomalous values.
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TABLE F.6
SITE 23 OLD FTA SOUNDING I
MACDILL AFS

p-pl dial scale corrected k apparent cumulative
3paczng reading multiplier reading (feet) resistivity resistivity
(feet) (ohms) (ohms) (ohm-ft) (ohm--ft)

2.0 11.0 0.010 0.1100 2499.80 274.98 274.98
4.0 13.5 0.010 0.1350 1249.50 168.68 447.66

6.0 17.0 0.010 0.1700 932.60 141.54 585.Zu
8.0 10.5 0.010 0.1050 624.00 65.52 650.72
10.0 19.0 0.010 0.1900 498.80 94.77 745.49
12.0 17.0 0.010 0.1700 415.20 70.58 916.08
14.0 21.0 0.010 0.2100 355.40 74.63 890.71
16.0 28.5 0.010 0.2850 310.50 99.49 979.2:
18.0 19.5 0.010 0.1950 275.50 53.7= i032.97
20.0 25.0 0.010 0.2500 247.50 61.99 1094.80
22.0 20.0 0.010 0.2000 224.50 44.90 1139.70
24.0 23.0 0.010 0.2300 205.30 47.=2 1196.92
26.0 57.5 0.010 0.5750 199.10 108.73 1295.6Z
28.0 56.0 0.010 0.5600 175.10 98.06 139Z.71
30..) 4i.. 0.010 0.4100 162.90 66.79 1460.50
32.0 40.5 0.010 0.4050 152.30 61.68 1522.18
34.0 42.5 0.010 0.4250 142.80 60.69 1582.87
36.0 51.0 0.010 0.5100 134.40 68.54 1651.41
39.0 47.0 0.010 0.4700 126.90 59.60 1711.01

40.0 40.0 0.010 0.4000 120.00 48.00 1759.01
42.0 47.0 0.010 0.4700 113.80 53.49 1812.50
44.0 44.5 0.010 0.4450 108.10 49.10 1860.60
46.0 49.5 0.010 0.4950 102.90 50.94 1911.54
48.0 48.0 0.010 0.4800 98.20 47.14 1958.67
50.0 52.5 0.010 0.5250 93.80 49.25 2007.9=
52.0 51.5 0.010 0.5150 99.70 46.20 2054.11
54.0 60.0 0.010 0.6000 95.80 51.4e 2105.59
56.0 61.0 0.010 0.6100 82.30 50.20 2155.80
58.0 49.5 0.010 0.4950 79.00 39.11 2194.90
60.0 58.0 0.010 0.5800 75.80 43.96 228.87
62.0 63.0 0.010 0.6300 72.90 45.93 2284.79
64.0 66.5 0.010 0.6650 70.10 46.62 2Z1.41
66.0 74.5 0.010 0.7450 67.50 50.29 2:81.70
68.0 73.0 0.010 0.730 65.00 47.45 24:9.15
70.0 80.0 0.010 0.8000 62.70 50.16 2479.31
72.0 87.5 0.010 0.8750 60.40 52.85 532.16
74.0 92.5 0.010 0.9250 58.30 53.93 2586.08
76.0 108.0 0.010 1.0800 56.30 60.80 2646.89
78.0 119.0 0.010 1.1900 54.40 64.74 2711.62
80.0 130.0 0.010 1.3000 52.50 68.25 277t.87
82.0 116.5 0.010 1.1650 50.70 59.07 2839.94
84.0 116.0 0.010 1.1600 49.00 56.84 2895.-s
86.0 122.5 0.010 1.2250 47.40 58.07 2953.-4
98.0 134.0 0.010 1.3400 45.80 61.37 :015.22
90.0 142.5 0.010 1.4250 44.30 63.13 3078.34
92.0 149.5 0.010 1.4950 42.80 63.99 3142.--
94.0 163.0 0.010 1.6300 41.40 67.48 3209.81
96.0 173.0 0.010 1.7300 40.10 69.37 3279.18
98.0 170.0 0.010 1.7000 38.80 65.96 3345.14
100.0 182.5 0.010 1.8250 37.50 68.44 3413.58

CORRECTED READING - DIAL READING * SCALE MULTIPLIER - 2'V/I
k 1/ (i/ri)-(1/r2)-(1/r3)+(1/r4)]

APPARENT RESISTIVITY - 2TTV/I * k
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FIGURE F.39
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Low resistivity anomalies at the Inactive FTA existed southwest and

south of the site at depths of 5, 10, 20, and 30 feet below ground sur-

face. The downgradient direction of groundwater flow was determined

from water level measurements of the existing wells (MD23-4, MD23-5, and

MD23-6) and coincide& with the direction of low resistivity values from

the site. Wells MD23-12 and MD23-13 were located within areas of low

resistivity downgradient of the site. Well MD23-14 was located down-

gradient of the site in an area of high resistivity values. Well

MD23-11 was located upgradient of the site in an area of higher back-

ground resistivity values. The deep well MD23-D3 was completed within

the Tampa Limestone of the Floridan Aquifer System and was located

downgradient of the site based upon potentiometric maps of the Floridan

Aquifer for the area including MacDill AFB.

F.3 SUMMARY

In summary, the geophysical survey field program consisted of

electrical resistivity, magnetic, and metal detection surveys.

Electrical resistivity soundings conducted at MacDill AFB were generally

not conclusive in distinguishing subsurface stratigraphy. The

resistivities of the subsurface sediments were similar, making interpre-

tation of the sounding curves difficult or impossible. The results of

the soundings, however, may also have been distorted due to the presence

.f brackish water within the subsurface units at MacDill AFB. High

conductivity brackish water might cause the apparent resistivities of

subsurface units to appear similar. Resistivity profile data was also

distorted at several sites (Site No. 3 and Site No. 9 specifically) by

the presence of brackish water within the subsurface sediments.

Brackish areas created low resistivity anomalies and made interpretation

of profile data difficult. The following is a site-by-site summary of

the signIifiit findings of the program:

F.3.1 Site B

o The magnetic and metal detection surveys indicated the location

of buried fuel storage tanks.
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o The resistivity survey revealed anomalously low resistivity

values south and southwest of the southeastern fuel tank

cluster at depths of 5 and 10 feet.

0 Well MDB-3 was located downgradient of the site to investigate

the anomalous resistivity values. Since no other extensive

anomalous patterns were detected at the site, wells MDB-2 and

MDB-4 were located in opposite corners downgradient of the

site.

F.3.2 Site No. 3

o The resistivity survey revealed anomalously low resistivity

values along the western and southwestern borders of the b s

and near existing monitor well MD3-3 at uepths of 5, 10 and 20

teet.

o One well (MD3-6) was located upgradient of the site in an area

of higher, background resistivity values.

F.3.3 Site No. 9

o The resistivity survey revealed anomalously low resistivity

values to the west and south of the pond as well as along Broad

Creek which forms the western boundary of the site. The

anomalies were present at depths of 5, 10 and 20 feet.

o The resistivity survey revealed anomalously high resistivity

values existed along the southern portion of the road which

leads to the site from Rattlesnake Road at depths of 5 and 10

feet.

o Downgradient wells Mn9-5 and MD9-6 were located south of the

landfill in an area of high resistivity values. Downaradient

well MD9-7 was located southwest o the pond in an area of low

resistivity values. Upgradient well MD9-4 was located north of

the site in an area of consitent resistivity values.
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F.3.4 Site No. 13

o The resistivity survey revealed anomalously low resistivity

values located approximately 100 feet southeast of the water

retention pond and along C Street south of the parking lot at

depths of 5 and 10 feet.

o Two downgradient wells MD13-2 and MD13-3 were located to

investigate the anomalous resistivity values. The upgradient

well MD13-1 was located in an area of higher, background

resistivity values.

F.3.5 Site No. 23

Active Fire Training Area

o The resistivity survey revealed anomalously low resistivity

values to the south and southwst of the FTA and a prominent

anomaly extendina east from the site. The anomalous values

existed at depths of 5, 10, 20, and 30 feet.

o Wells MD23-8 and MD23-9 were located downgradient of the site

to investigate anomalous resistivity values south and southwest

of the site. Well MD23-10 was located downgradient of the site

to investiaate anomalous resistivity values east of the site.

o No resistivity anomaly existed at . depth of 50 feet,

therefore, deep wells MD23-Dl and MD23-D2 were located

upgradient and downgradient, respectivity, based uPon

potentiometric maps of the Floridan Aquifer System.

Inactive Fire Training Area

o The resistivity survey revealed anomalously low resistivity

values existed south and southwest of the site at depths of

5, 10, 20, and 30 feet.

o Wells MD23-12 and M023-13 were located downgradient of the site

to investigate the anomalous resistivity values south and

southwest of the site. Well MD23-14 was located downqradient

of the site in an area of high resistivity.
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o No resistivity anomaly existed at a depth of 50 feet, there-

fore, deep well MD23-3 was located downgradient of the site

based upon potentiometric maps of the Fioridan Aquifer System.

F.4 SITE 11 GEOPHYSICAL SURVEY RESULTS (October 1987)

F.4.1 Site 11 (Chemical Munitions Burial Area)

Electromagnetic Survey

An electromagnteic survey was conducted at Site 11 on October 1,

1987. The survey was performed to identify areas of high conductivity

due to metallic debris associated with the burial areas. The site was

gridded at 20-foot increments and readings taken every 20 feet across

the suspected area. Figure F.43 shows the locations of the electro-

magnetic stations and Table F.7 shows conductivity values for each

station. Figure F.44 shows the results of the electromagnetic survey as

a contour plot of the values at each station. The contour plot reveals

a zone of high conductivity extending along the southwestern boundary of

the site. These high conductivity values are interpreted as saline

water intrusion within the mangrove swamp area and not metallic debris.

A zone of low conductivity is also present within the site in the south-

eastern corner. These low conductivity values a-e associated with

raised piles of "dry" sand, not saturated with the saline groundwater of

the swampy area.

The electromagnetic survey was not a useful tool for locating the

munitions area due to the "maskinc" effects of the saline groundwater

near the surface in the swampy areas of the site.

Magnetic Survey

A magnetic survey was conducted at Site 11 on October 2, 1987. The

survey was pcrfor-_d to idcrti~fy t'- iuniticns Ll J'131 z aan area of

high magnetic field intensity associated with burieC metallic objects.

The magnetic survey was conducted at the same locations as the electro-

magnetic survey and included areas to the south and west along the roads

extending into the swampy area. Figure F.45 shows the locations of che

magnetometer stations and Table F.8 shows magnetic field intensity

values for each station. Figure F.46 shows the results of the magne-

tometer survey as a contour plot of the values at each station. The
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FIGURE F.43
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Table F.7

MACDILL AFB
SITE 11

ELECTROMAGNETIC DATA

BASELINE HEADING SOIL
DESIGNATION DESIGNATION CONDUCTIVITY

(MMHOS/METER)

A 0 70
A 20 70
A 40 58
A 60 48
A 80 51
A 100 61
A 120 88
B 0 74
B 20 70
B 40 61
B 60 60
B 80 54
B 100 56
B 120 66
B 140 83
C 0 78
C 20 68
C 40 63
C 60 64
C 80 56
C 100 55
C 120 56
C 140 68
D 0 83
D 20 70
D 40 57
D 60 58
D 80 56
D 100 55
D 120 55
D 140 61
D 160 110
E 0 83
E 20 70
E 40 50
E 60 58
E 80 56
E 100 56
E 120 54
E 140 62
F 0 82
F 20 68
F 40 66
F 60 64
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Table F.7

MACDILL AFB
SITE 11

ELECTROMAGNETIC DATA

BASELINE HEADING SOIL
DESIGNATION DESIGNATION CONDUCTIVITY

(MMHOS/METER)

F 80 64
F 100 62
F 120 56
F 140 58
G 0 78
G 20 66
G 40 68
G 60 69
G 80 72
G 100 67
G 120 64
G 140 66
H 0 76
H 20 67
H 40 67
H 60 67
H 80 82
H I00 80
H 120 80
H 140 72
H 160 76
I 0 76
I 20 63
I 4C 66
I 60 77
I 80 79
I 100 86
I 120 91
J 0 74
J 20 63
J 40 72
J 60 82
J 80 84
J 100 76
J 120 88
K 0 72
K 20 67
K 40 74
K 60 80
K 80 88
K 100 88
L 0 72
1. 20 68
L 40 71
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Table F.7

MACDILL AFB
SITE 11

ELECTROMAGNETIC DATA

BASELINE HEADING SOIL
DESIGNATION DESIGNATION CONDUCTIVITY

(MMHOS/METER)

L 60 74
L 80 78
L 100 84
L 120 97

L 140 125
L 160 125
L 180 120
L 200 175
M 0 69
M 20 66
M 40 69
M 60 72
M 80 78
M 100 88
M 120 92
M 140 93
N 160 110
M 180 90
M 200 90
N 0 66
N 20 64
N 40 66
N 60 66
N 80 74
N 100 84
N 120 96
N 140 90
N 160 88
N 180 61
N 200 60
0 0 58
0 20 58
0 40 62
0 60 67
0 80 72
0 100 78
0 120 91
0 140 86
0 160 84
0 180 76
0 200 56
P 0 56
P 20 58
P 40 60
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Table F.7

MACDILL AFB
SITE 11

ELECTROMAGNETIC DATA

BASELINE HEADING SOIL
DESIGNATION DESIGNATION CONDUCTIVITY

(MMHOS/METEP)

P 60 65
P 80 72
P 100 78
P 120 78
P 140 74
P 160 67
P 180 50
P 200 47
P 220 60
Q 0 50
Q 2O 52
Q 40 57
Q 60 63
Q 80 68
Q 100 70
Q 120 74
Q 140 60
Q 160 50
Q 180 56
Q 200 38
F 0 45
R 20 42
R 40 56
R 60 57
R 80 63
R 100 60
R 120 58
R 140 42
R 160 39
R 180 22
R 200 25
S 60 54
S 80 53
S 100 49
S 120 40
S 140 26.5
S 160 23.5
S 180 20.5
S 200 29.5
T 60 47
T 80 42
T 100 34
T 120 34
T 140 23
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Table F.7

MACDILL AFB
SITE 11

ELECTROMAGNETIC DATA

BASELINE HEADING SOIL
DESIGNATION DESIGNATION CONDUCTIVITY

(MMHOS/METEB)

T 160 18
T 180 17
T 200 20
T 220 46
U 80 34
U 100 32
U 120 23.5
U 140 22
U 160 16.5
U 180 15.5
U 200 25
U 220 52
V 80 24.5
V 100 23.5
V 120 16.5
V 140 16
V 160 16
V 180 16.5
v 200 20
V 220 60
W 80 38
W 100 26
W 120 20
W 140 18
W 160 16
W 180 26.5
X 80 52
X 100 47
X 120 43
X 140 39
X 160 42
X 180 47
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FIGURE F.44
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FIGURE F.45
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Table F.8

MACDILL AFB
SITE 11

MAGNETOMETER DATA

BASELINE HEADING MAGNETOMETER
DESIGNATION DESIGNATION VALUE

(GAMMAS)

A 0 48950
A 20 48954
A 40 48961
A 60 48961
A 80 48964
A 100 48965
A 120 48968
B 0 48952
B 20 48951
B J0 48963
B 60 48967
B e8 48964
B 100 48964
B 120 48967
B 140 48962
C 0 48955
C 20 48959
C 40 48966
C 60 48967
C 80 48963
C 106 48968
C 120 48969
C 140 48966
D 0 48963
D 20 48965
D 40 48968
D 60 48970
D 80 48970
D i00 48969
D 120 4 66
D 140 48971
D 160 48968
E 0 48966
E 20 48968
E 40 48975
E 60 48970
E 80 48970
E 100 48967
E 120 48965
E 140 48967
F 0 48967
F 20 48966
F 40 48977
F 60 48969
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Table F.8

MACDILL AFB
SITE 11

MAGNETOMETER DATA

BASELINE HEADING MAGNETOMETER
DESIGNATION DESIGNATION VALUE

(GAMMAS)

F 80 48972
F 100 48972
F 120 48968
F 140 48974
G 0 48973
G 20 48968
G 40 48967
G 60 48971
G 80 48975
G 100 48967
G 120 48971
G 140 48973
H 0 48973
H 20 48973
H 40 48969
H 60 48975
H 80 48973
H 100 48971
H 120 45967
H 140 48965
H 160 48969
I 0 48976
I-20 48969
I 40 48993
I 60 48974
I 80 48970
I 100 48973
I 120 48984
J 0 48974
J 20 48970
J 40 48971
J 60 48j72
J 80 48974
J 100 48974
J 120 48971
K 0 48977
K 20 48974
K 40 48977
K 60 48972
K 80 48970
K 100 48972
L 0 48974
L 20 48977
L 40 48976
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Table F.8

MACDILL AFB
SITE 11

MAGNETOMETER DATA

BASELINE HEADING MAGNETOMETEP
DESIGNATION DESIGNATION VALUE

(GAMMAS)

L 60 40975
L 80 48971
L 100 48971
L 120 48974
L 140 48973
L 160 48969
L 180 48970
T, 20C;0 48974
N 0 4E973

N 20 48971
'M 4,- 48972
M 60 48977
N 80 48975
N 100 48974
N 120- 48-97Ci
M 1 i4 897 5
M 60. 48971

M u 48-974
N 0 48989
N 20489E"
N 40 48 9 66
N 14 -,-76
N E1 4F,9 75

N 121 F9,

N 16 4L976
IN 18 4 9Q

N1 _ ?-72
N01 0 48976

O) 20U 48976
040 4eC-4

0, 4 '
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Table F.8

MAC71LL AFE
SITE 11

MAGNETOMETER DATA

rASELINE HEADING MIAGNETOMETER
DESIGNATION DESIGNATION VALUE

(GAMMAS)

P 60 48975
P 80 48970
P 100 48967
P 120 48993
P 140 48982
P 160 48978
P 180 48971
P 200 48976
P 220 48977
Q 0 48977
Q 20 48975
Q 40 48971
Q 60 48967
Q 80 48965
Q 100 48888

Q 120 49124
Q 140 48989
Q 160 48977
Q 180 48976
Q 200 48975
F 0 48978
R 20 48972
F 40 48970
R 60 48920
R 80 48970
P 100 48912
R 120 48955
R 140 48979
R 160 48977
R 180 48974
p 200 48971
S 40 48967
S 60 49004
S 80 49020
S 100 48974
S 120 48972
S 140 48972
S 160 48977
S 180 48977
S 200 48979
T 60 48976
T 80 48979
T 100 48977
T 120 48971
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Table F.'-

MACDILL AFB
SITE 11

MAG3NETOMETER DATA

BASELINE HEADING MAGNETOMETER
DESIGNATION DES IGNAT I -N VALUE

(GAMMAS)

T 140 48977
T 16? 48979
T 48979
T 48984
T 48975

U 8 48977

1.20 48977
F14C, 48978,

48979Q
40'

4 9 FC

V 1'489872

V 4 F.C

V 4897?-
C 40

4%

x 40
48

47

X I N '

M, 4 4 7

A40

MIN A 4Ki0

M- N,,A 4%7

17 'YA 4%z
40



Table F.8

MACDILL AFB
SITE 11

MAGNETOMETER DATA

BASELINE HEADING MAGNETOMETER
DESIGNATION DESIGNATION VALUE

(GAMMAS)

MID N/A 48940
MIl N/A 48967
M12 N/A NR
M13 N/A 48956
M14 N/A 48955
MI5 N/A 48955
M16 N/A 48952
M17 N/A 48952
M18 N/A 48955
M19 NIA 48952
M20 NiA 48954
M21 N/A 48955
M22 N/A 48954
M23 N/A 48950
M24 NIA 48949
M25 N/A NR
M26 N/A N?
M27 N/A NP
M28 N/A 48987
I29 N/A 48996
M,0 N/A 48964
N31 N/A 48952
M22 N/A 4E969

I N/A 48975
M34 N/A 459E2
m35 N.,,A 48949
M36 N'"A NB
M7 N/A 48961
N3E N/A 48967

N/A 4E972
V 4 A 4F986
M41 N/A 48988
142 N/A 48955
M43 N,/A 48970
M44 N/A 49042
M45 N/A 49066
M46 N/A 48962
M47 N/A 48954
M48 N/A 48959
f149 N/A 48964
M50 N/A 48972
M51 N/A 48975
M52 N/A 48975
M53 N/A 48972
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Table F.8

MACDILL AFB
SITE 11

MAGNETOMETER DATA

BASELINE HEADING MAGNETOMETER
DESIGNATION DESIGNATION VALUE

(GAMMAS)

1155- N/A 48969
1156 N /A 48970
115,7 N/A 48968
115'8 N/A 48961
1159 N/A 48977
M160 N/A 48957
1161 N/A 48910
M162 N/A 46916
M13 N/A 4 9C) 55
M164 N/A 49018
me,-, NIA 48900
M166 N,"A N F
me,-' li /A 4 9 CGC;
11F, N',,A 48954
M el N 'A 48954
M17C IN /A 48938
V1" N/,A 48922

1171N/A 49004
17 3 N /A 48969



FIGURE F.46
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contour plot reveals an area of high magnetic intensity in the east-

central portion of the gridded area on site. These high values are

interpreted as metallic objects buried in this vicinity. The magnetic

surveys conducted along the road to the west of the gridded area also

show isolated areas of high magnetic field intensity. Surficial and

near surface metallic debris were found at these remote sites and

magnetometer values may be influenced by their presence.

In summary, the magnetic survey conducted at Site 11 located one

large and two smaller high magnetic ar"malies. These zones of high

magnetic intensity have not been verified to contain buried metallic

objects but do show some metallic debris on the surface.
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87 JUL 07

INSTALLATION RESTORATION PROGRAM
PHASE 1i - QUANTIFICATION (STAGE 2)

MACDILL AFB, FLORIDA'

I. DESCRIPTION OF WORK

The overall objective of the Phase II investigation is to define the

magnitude, extent, direction and rate of movement of identified contaminants.
A series of staged field investigations may be required to meet this objective.

The contractor shall recommend any additional investigations required beyond

this stage (Stage 2), including an estimate of costs.

The purpose of this task is to undertake a field investigation at MacDill
AFB FL (1) to determine the magnitude of contamination and the potential for

migration of contaminants in the various environmental media; and (2) to

identify potential environmental consequences and health risks of migrating

pollutants based on State or Federal standards for those contaminants.

The Phase I and Phase II Stage 1 IRP Reports (mailed under, separate cover)

incorporated the background, description and previous work for the sites in

this task, (except Site B, a new site). To accomplish this survey effort, the
contractor shall take the following actions:

A. General

1. Well and Boring Installation

a. All groundwater monitoring wells shall be in accordance with
the U.S. EPA Publication 330/9-SI-002, NEIC Manual for Groundwater/Subsurface
Investigations at Hazardous Waste Sites for monitoring well installation.

b. All drilling, development, purging, sampling and analytical
methods must conform to State requirements. The contractor shall notify the

state regulatory personnel as to the start date of field operations (drilling
and sampling). This notification must be made as far in advance as possible.

c. Wells shall be of sufficient depth to collect samples repre-
sentative of aquifer quality and to intercept contaminants if they are present.
Wells drilled to intercept floating contaminants shall be screened approxi-
mately two feet above the groundwater elevation, where possible.

d. Wells shall be installed upgradient and/or downgradient of

sites, as addressed in Item IB. If groundwater gradients are not clearly known
at any site, sufficient 2 inch piezometers shall be used to determine the

gradient, before monitoring wells are emplaced.

e. The contractor shall monitor all drilling operations with an

OVA or similar instrument to identify potential generation of hazardous ard/or
toxic materials. In addition, the contractor shall r.nitor drill cuttings for

discoloration and odor. During drilling operaticns, if soil cuttings are
suspected tc be hazardous (based r.. OVA measureeents, c~ors, or discclcra'ir.),
the contractor shaI. ;lace the- 7- rew, con'trE2 :-s.:ied containes z teEt

them as spezcfiec in iA1g. All e.tg tion-ze-lvec hazardous wastes,

IA6-



Including any contaminated well development/purglng water, shall be c::tainer-
ized for disposal by MacDill AFB personnel. Results of this monitoring shall
be included in the drilling logs.

f. Monitoring wells shall be installed using the following

specifications:

(1) All new wells and borings shall be drilled using

appropriate techniques. The contractor's on-site geologist shall select the

drilling technique based on local geology and shall prepare drilling ;.ogs for

all wells installed. Hollow-stem auger shall be used where applicable.

(2) Each well shall be constructed of 2-inch diameter

Schedule 40 PVC casing except where otherwise specified. Each well stall be
provided with a minimum of 10 feet of Schedule 4Q mill slot screen the same

diameter as the casing. Screens shall be installed to intercept the ground-
water surface, with approximately two feet of screen above the water level.

Flush-joint threaded fittings shall be used exclusively (no glued fittings).
Screens shal2 be capped at the bottom. The exact length of screen ant slot
size of screen shall be determined by the contractor's on-site geologist. All
shallow wells are anticipated to be approximately 20 feet deep; the deep wells
at Site 23 are anticipated to be 50-70 feet deep.

(3) Each well shall be sand packed with 8-12 mesh silica from
the bottom of the well to approximately two feet above the top of the screen.
A two-foot bentonite seal shall be emplaced above the sand pack. Type I

Portland cement grout shall be emplaced from the top of the bentonite to the
ground surface. The bentonite seal shall extend the entire thickness of the

clay confining layer, any time the confining layer is penetrated.

(4) The well casing shall be cut off to provide a two- to

three-foot stick-up, and a solid cap installed on the casing. A steel guard
pipe four feet long shall be placed over the exposed casing and seatet in the
cemuent. A locking lid with lock shall be installed on the guard pipe. Steel
guard posts, three-inch diameter and six feet long, shall be installet at three
points around the well head. Casings shall be provided with vent/drain holes.
A concrete pad shall be placed around each well and shall be sloped to drain

away from the casing.

(5) Each well installed in a traffic area or any other area

specified by the MacDill AFB Point of Contact (POC) shall be Installet with a
flush completion. The PVC casing must be cut off below ground surface, a
locking cap with lock provided, and a flat cover installed over the well head.
No guard posts shall be installed around flush-completion wells.

(6) Each well shall be developed a3 soon as practical after
completion by airlift, pumping, or bailing until the discharge water is clear
and free of sediment to the fullest extent possible.

(7' The drilling rig an: tools shall -eceive thor--. . 2ta

cleaning an be tic:_taminated afte- eac: t:-ehole. As a -inimu, : "
ha - after eac: : -. s :s installez. :rillirg s .L

proceed fr:o t .e "least" to the "macst" c.-.tarinated area-, if possi:I:.

;- 3



g. All cuttings shall be removed and the general area cleaned

following the completion of each well and boring. Only those drill cuttings
suspected as being a hazardous waste (based on discoloration, odor, or organic

vapor detection instrument) shall be properly containerized (according to local

civil engineering office requirements) by the contractor for eventual govern-

ment disposal. The suspected hazardous waste shall be tested by the contractor

for EP Toxicity. A maximum of ten EP Toxicity tests shall be performed. The

contractor is not responsible for ultimate disposal of the drill cuttings.

Disposal will be conducted by base personnel.

h. All wells shall be surveyed after installation is complete.

Elevations shall be determined to the nearest 0.01 foot by surveying from the
nearest USCGS or USCS benchmark. Horizontal location shall be determined to an

accuracy of 1.0 foot. This information shall be recorded on the site maps.

i. Any borehole not completed as a monitoring well shall be

abandoned by grouting from bottom to top with cement grout. The contractor

shall also evaluate all monitoring wells installed in IRP Phase II Stage 1 at
MacDill AFB and recommend the well abandonment technique to be used as each
well is abandoned in the future. The abandonment of completed monitoring wells
is not a part of this study.

j. The contractor shall install a maximur. of LO wells. Total
footage shall not exceed 750 linear feet (including screens).

k. The exact location and number of monitor wells for each site

shall be determined in the field by the contractor in consultation with the
USAFOEHL and MacDill AFB POC. The approximate locations and recommended nunber

of wells for sites under investigation are given in the site specific secticns

of the task.

2. Sampling, analysis and data collection shall be conducted as

follows:

a. Water levels shall be measured at all monitoring wells as feet

below the ground surface or below the top of casing elevation to the nearest
0.01 feet. Report in terms of mean sea level. Measure static water levels in
wells prior to sampling at time of well development.

b. Wells shall be purged prior to inital sampling and resampLing

of any wells. Purging will be complete when three well volumes of water have
been displaced or when the pH, temperature, specific ccnductance, color, anz

odor of the discharge are noted to stabilize. Conduct purging operations using
a submersible pump where possible. Conduct all sampling using a Teflon bailer.
Any deviation from these procedures must be reported and explained in the
monthly, draft and final reports.

c. Sail samples shall be obtained from h:ll-w-stem drilling

operations through the use of split-spoon samplers. Sa:es shall be c:l'e:e:
every five feet for visual classification. Soil sal e a: site A-9 s :e
obtained using a tro.e_ Cr hand auger.

(;-4



d. Surface water/sediment samples are specified at several sites.
One surface water sample and one sediment sample shall be obtained at each
sample location specified. Samples shall be obtained so as to not cause cross-
contamination; obtain downstream samples first, and obtain the water sample at
each location before the sediment sample.

e.. Decontaminate all sampling equipment, Including internal
components. rior to use and between samples to avoid cross-contamination.
Wash equipment with a laboratory-grade detergent followed by drinking quality
water, ASTM Type II Reagent Water, pesticide-grade methanol, and pesticide-
grade hexane rinses. Allow sufficient time for the solvent to evaporate and
the equpment to dry completely before reuse. Sampling equipment used to
collect samples for organics analysis shall not be allowed to come in contact
with any type of plastic (e.g., plastic storage bags).

with-
f. Insure that the Type II Reagent Water used to'contaminate

sampling equipment is free of contaminants which may interfere with the
-required laboratory analyses. Type II reagent water is prepared using a still
designed to produce a distillate having a conductivity of less than 1.0
micromho/cm (at 25 deg C). Double distillation and special features (e.g.,
degassing, activated charcoal filtration) are usually required to achieve the
Type II Reagent water specification. Distilled water purchased from local
supply stores (e.g., supermarket) is not Type II reagent water. Furnish the
analytical data or manufacturer's certification which verifies the quality of
the Type II Reagent Water.

g. Locations where surface water or sediment samples are taken, or
where soil exploratory borings are drilled shall be marked with a permanent
marker, and the location marked on a project map of the site.

All water samples collected shall be analyzed on site by the
contractor for pH, temperature, and specific conductance. Sampling, maximum
holding time, and preservation of samples shall strictly comply with the fol-
lowing references: Standard Methods for the Examination of Water and Waste-
water, 15th Ed. (1980), pp. 35-42; ASTM, Section 11, Water and Environmental
Technology; Methods for Organic Chemical Analysis of Municipal of Waters and
Wastes, EPA Manual 600/4-82-057; and Methods for Chemical Analysis of Waters
and Wastes, EPA Manual 600/4-79-020, pp. xiii to yix (1983). All chemical
analyses (water and solid) shall meet the required limits of detection for the
applicable EPA method identified in Attachment 1. Summarize sampling methcc
used, detection levels, and holding times in a table included in the Appendix.

i. The contractor shall collect and analyze an additional 10% of
all samples, for each parameter, for field quality control purposes, as
indicated in Attachment 1. Include internal quality control data (lab blanks,
lab spikes, and lab duplicates) in the report, as well as field quality control
data. Maintain chain-of-custody records for all samples, field blanks, and
quality control duplicates.

j. For those methods whic. epicy gas chroa zg"-:y ( C' as thE

a& ~vica! tecnique (i.e., E601, E602, SEC:E, W7 SiC,1 ,2C, e:.
p0stive i~enti.fic~t~:n is required f2r all a'alytes hav:'-.g ccera:r.:



higher than the Method Detection Limit (MD.); confirm pos. tive concentrations
by second-column GC. Analytes which cannot be confirmed shall be reported as
"Not Detected" in the body of the report. Include the results of all second-
column GC confirmational analyses in the report appendix along with other raw
analytical data.

Base the quantification of confirmed analytes upon first-
column analysis. The maximum number of second-column confirmational analyses
that will be funded under this task order is fifty percent (50) of actual
field samples (to include field QA/QC samples). The total number of samples
for each GC method listed in Attachment 1 includes this allowance.

k. All raw data including QA/QC data and standards shall be
archived at the prime contractor's laboratory for a period of not less than
five years. Upon request, these data shall be supplied to the USAFOEHL.

3. Health and Safety

The contractor shall comply with USAF, OSHA, EPA, State and local
health and safety regulations regarding the proposed work effort. Use EPA
guidelines for designating the appropriate levels of protection at study sites.
Prepare a written Health and Safety Plan for the proposed work effort and
coordinate it directly with applicable regulatory agencies. Provide an
information copy of the Health and Safety Plan to the USAFOEHL_ prior to
commencing field operations (i.e., drilling and sampling).

B. Tn addition to items delineated in A above, conduct the following
specific actions at sites specified on MacDill AFB:

1. Former Fuel Storage Area No. 2 (Site B)

a. Perform a geophysical survey utilizing magnetometer and
el,_ctrical resistivity (ER) techniques, to aid in identifying the horizontal
and vertical extent of the site, to locate the buried fuel tanks and to aid in
placement of the monitoring wells specified below.

b. Based upon the results of the geophysical survey, emplace one
upgradient and three downgradient monitoring wells at the site. Obtain one
groundwater sample from each well (4 total) and analyze each sample for

purgeable organics, lead, petroleum hydrocarbons and EDB.

c. Install one additional monitoring well between wells MDB-1 and
MDB- downradient of the located underground storage tanks.

d. Obtain one groundwater sample from the newly installed well and
resample the ijexisting wells. Analyze each sample .total of 5) for parameters
listed in Appendix 1. Table 4.

e. Measure and record water levels and specific conouctance at

high and low tides at all five monitoring wells.



2. Landfill at Dog Kennel (Site 3)

a. Perform a geophysical survey utilizing ER techniques to aid in
identifying the extent of any leachate plume and to help define subsurface
conditions.

b. Based upon the results of the ER survey, emplace one monitoring

well upgradient of the site.

c. Collect three surface water/sediment samples from the ditch

crossing the landfill and two surface water and four sediment samples from the
ditch that surrounds the landfill.

d. Collect one groundwater sample from the well described in IB2b

above, and one sample each from the three existing downgradient monitoring
wells at the site.

e. Analyze each sample taken from the site (four groundwater, five
surface water, and seven sediment) for purgeable organics, base/neutral and
acid extractable organics (GC/MS), and metals scan.

f. Resample the four existing monitoring wells and collect five
surface water samples from the creek and ditches around the site. Analyze each
sample (total of 9) for parameters listed in Appendix 1, Table 4.

g. Measure and record water levels and specific conductance at
high and lo* tides at the four monitoring wells.

3. Past Landfills (Sites 5-8)

a. Emplace two monitoring wells, each approximately 20 feet deep,
upgradient of the landfills.

b. Obtain five surface water/sediment samples from the drainage
ditch south of the landfills.

c. Collect two groundwater samples from the wells described in
IB3a above, and one sample each from the four existing downgradient monitoring
wells at the site.

d. Analyze each sample taken from the site (six groundwater an-,

five surface water/sediment) for purgeable organics, base/neutral and acid
extractable organics, and metals scan.

e. Resample the six existing monitoring wells and collect five
additional surface water samples from the site. Anayze each sample (total of
11) for parameters listed in Appendix 1, Table 4.

f. Measure and record water levels and specific conducta-ce at
high an: i-- tides at the six mcr toring wells.



4. Recent Landfill (Site 9)

a. Perform a geophysical survey utilizing ER techniques to aid in

identifying the extent of any leachate plume and to help define subsurface
conditions at the site.

b. Emplace four monitoring wells, based upon the results of the ER
survey, one upgradient and three downgradient of the site.

c. Collect two surface water/sediment samples from the drainage
ditch west of the site.

d. Collect one groundwater sample from each of the four new and
two pre-existing wells at the site.

e. Analyze each sample taken from the site (six groundwater and
two surface water/sediment) for purgeable organics, base/neutral and acid
extractable organics, and metals scan.

f'. Resample the six existing monitoring wells and collect twc
additional surface water samples from the drainage ditch west of the site.
Analyze each sample (total of 8) for parameters listed in Appendix 1, Table 4.

5. Chemical Munitions Burial Area (Site 11)

a. Because of the unknown waste types ant quantities disposed at
Site 11, the contractor shall conduct an initial study at this site to consist
of review of records and interviews of former and current base personnel. The
contractor shall make any recomrmendations for site mornitoring in the first R&2
status report following the completion of the records review and interviews.

b. After the initial study, and upon consultation with USAFOEHL,
the contractor shall obtain a maximum, of three surface water/sediment samples
from the canal adjacent to the site and shall analyze the samples for purgeable
organic compounds, base/neutral and acid extractable compounds by GC/MS, and
metals scan.

c. Perform a geophysical survey. The survey should use electro-
magnetic methods (EM) or metal detectors to locate metal canisters or drums
that are suspected of being buried at this site.

6. Creosote Pit (Site 13)

a. Perform a geophysical survey utilizing ER techniques to locate
the exact creosote pit boundaries and identify the extent of any leachate
plume.

b. Install three monitoring wells, based cn the results cf the EF
survey, one upgradient and twc downgradient of the site.

c. Collect one grc~nd at -  sam7le frog eazh well at the site.
Analyze eac. sample (three tc-_o ) f:- :,ase/neutral a aic extraetati - ,

I



7. Fuel Tank Farm (Site 16)

Collect six surface water/sediment samples from the drainage canal
and ditch adjacent to the site. Analyze each sample (six total) for lead,
petroleum hydrocarbons, purgeable organics and EDB (water only).

8. Drum Storage Area (Site 17)

a. Install one groundwater monitoring well upgradient of the site.

b. Collect one surface water and three sediment samples from the
drainage ditch west of the site.

c. Collect groundwater samples from the one upgradient (new) and

two downgradient 'pre-existing) monitoring wells at the site.

d. Analyze each sample taken from the site (three groundwater and
one surface water and three sediment) for purgeable organics, base/neutral and
acid extractable organic compounds, lead, cadmium, chromium, and zinc.

e. Install one additional monitoring well downgradient of the site
and southeast of well MD 17-1.

f. Obtain one groundwater sample from the newly installed well and
resample the 3 existing wells. Collect two surface water samples fro the
south side of the site. Analyze each sample (total of 6/ for parameters lsted
in Appendix 1, Table -4

9. Fire Training Area (Site 23)

Site 23 is actually two fire training pits. Eacn pit will be
monitored separately.

a. Perform a geophysical survey using ER techniques to delineate
subsurface conditions and to attempt to identify the extent of the leachate
plume(s).

b. Install three deep wells into the Floridan Aquifer at Site 2;:
one upgradient well and one well downgradient from each of the two fire
training pits. The locations of these wells shall be carefully determined fro
the results of the ER study. Each deep well shall be installed by first
drilling a 10- or 12-inch diameter borehole into the clay confining layer and
centering and grouting a 6- or 8-inch diameter PVC outer casing. The well
shall then be completed by drilling a 6-inch diameter hole within the outer
casing to an approximate depth of 50 feet. The final well shall be constructed
of 2-inch diameter PVC casing. This technique avoids the risk of contarinating
the Floridan Aquifer.

c. Install a maximun, of eight shallo. grcunt.ater ritcrirg els
at the site. One well shall be enplaced upgradient and a ,axicur of three
downgradient of ear fire traininF it. One of the u-, =::- t 'elis s._1
constructed t -- inch tia-eter casing. The E-
diameter.



d. Conduct an aquifer pumping test at the site using the L-inch

well as the pumping well and install one 2-inch shallow well as the observation
well. Determine the transmissivlty (T) and storativity (S) of the shallow

aquifer based upon the pump test results. The drawdown portion of the test

shall be approximately 24 hours long, with an 8-hour recovery period. Pumping
rates shall be approximately 10 gpm.

e. Collect groundwater samples from each well at the site, the six

existing monitoring wells and the eleven (maximum) new monitoring wells.

Analyze each sample for purgeable organics, lead ard petroleum hydrocarbons.
Note the thickness of any fuel layer on each sample.

10. Old Landfill, Avon Park (Site AP-6)

a. Install one groundwater monitoring well upgradient of the site.

b. Collect three surface water/sediment samples from the rim canal

that flows across the site. Analyze these three samples for purgeable

organics, base/neutral and acid extractable organics, petroleum hydrocarbons,
and metals scan.

c. Collect groundwater samples from the one upgradient (new) and

three downgradient (existing) monitoring wells at the site. Analyze each

sample for purgeable organics, petroleum hydrocarbons, base/neutral and acid
extractable organics, and metals scan.

11. Current Landfill, Avon Park (Site AP-7)

a. Install one groundwater monitoring well upgradlent of tne site.

b. Collect groundwater samples from the one upgradient (new) and

three downgradient (existing) monitoring wells at the site. Analyze each

sample for purgeable organics, petroleum hydrocarbons, base/neutral and acid
extractable organics, and metals scan.

12. Army Test Area, Avon Park (Site AP-9)

Collect ten shallow soil samples from the chemical anticrop

(herbicide) test area at Avon Park. Composite one sample from the upper six

inches of soil at each sample location. Analyze each sample (10 total) for

dioxin and herbicides.

C. Data Review

1. Tabulate field and analytical laboratory results, including field

and laboratory parameters and QA/QC data, and incorporate them into the monthly
R&D Status Reports. Forward them to the USAFOEHL for review as soon as they

become available as specified in Item VI below. Field and laboratory parair-

eters shall include times and dates of sar ple collection, extraction an
analysis.
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2. Upon completion of all analyses, tabulate and incorporate all
results into an Informal Technical Information Report (Atch 1, Seq 3 as
specified in Item VI below) and forward the report to USAFOEHL for review.

3. Data/results, generated throughout this undertaking, Indicating a
possibility of health risk (for example, contaminated drinking water aquifer)

shall be reported immediately via telephone to the USAFOEHL program manager.

D. Reporting

1. Technical Field Operating Plan: The contractor shall develop a

Technical Field Operations Plan based upon the technical requirements for the
proposed work effort. This plan shall be explicit with regards to field
procedures. Include, but do not limit the plan to, field decontamination
operations, sampling protocol, QA/QC field and laboratory procedures, field

schedule, etc. A guideline for the plan is provided under separate cover. The
plan shall be submitted before field operations begin, but no later than three

weeks after date of contract award. Ten copies of the plan shall be submitted,
as specified in Sequence 19, Item Vl.

2. A draft report delineating all findings of this field investigation

shall be prepared and forwarded to the USAFOEHL (as specified in Sequence 4,
Item VI below) for Air Force review and comment. This report shall include a
discussion of the regional/site specific hydrogeology, well and boring logs,
data from water level surveys, geophysical surveys, groundwater surface and
gradient maps, data from the aquifer test, water quality, sediment and soil
analysis results, available geohydrologic cross sections, and laboratory and

field quality assurance/quality control information. The report shall follow
the USAFOEWL supplied format (mailed under separate cover). The format is an
integral part of this delivery order.

3. Results, conclusions and recommendations concerning the sites

listed in this task which were produced in the technical report(s) of the
previous staged work of IRP Phase II (mailed under separate cover), shall be

used in the data reduction to plot any trends and arrive at the conclusions and
recommendations of this effort's technical report (Sequence 4, Item VI below).
The technical report of this effort shall be accomplished so that the report
will reflect the combined up-to-date trend of each of the IRP Phase II sites
listed herein.

4. The results section of the report shall include water, sediment and

soil analyses results, field quality control sample data, internal laboratory
control data (lab blanks, lab spikes, and lab duplicates), and laboratory
quality assurance procedures. Provide second column confirmation results and
include which columns were used, the conditions, ard retention times.

Summarize the specific collection techniques, analytical method, holding time,

and limit of detection for each analyte (Standard Methods, EPA, etc.).

5. The recor-endation section shall address each site and list sites
ty categor.es. Category I shall consist of sites where no further action
"ncluding remedial a:ticn) is required. Data for these sites are c:nside-e
s2'ficiernt to rue :2" sgnificant pub!i. teaeth or environ-,er.t ... .
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Category 11 sites are those requiring additional monitoring or work to quantify

or further assess the extent of current or future contamination. Category III

sites are sites that will require remedial actions (ready for IRP Phase III or

IV actions). Recommendations for Category III sites shall include any possible

Influence on sites in Categories I and/or II due to their connection to the

same hydrological system. Any dependency between sites in different categories

shall be clearly stated. The contractor shall Include a list of candidate
remedial action alternatives including Long Term Monitoring (LTM) as remedial
action and corresponding rationale, that, as a minimum, should be considered in

selecting the remedial action for a given site. The list shall encompass
alternatives that could potentially attain applicable environmental standards.
For contaminants that do not have standards, the contractor may use EPA
recommended safe levels for noncarcinogens (Health Advisory or Suggested-No-
Adverse-Response Levels). If not specifically requested, comprehensive cost or

technical analyses of alternatives shall not be included. However, in those
situations where field survey data indicate immediate corrective action is
necessary, the contractor shall present specific, detailed recommendations.
For each category above, the contractor shall summarize the results of field
data, environmental or regulatory criteria, or other pertinent information
supporting conclusions and recommendations.

6. For those sites in need of additional Phase II effort, identify

specific requirements for future monitoring needed to determine the magnitude,
extent, and rate and direction of movement of detected contaminants. Identify

potential environmental consequences of discovered contamination. where known.
Provide estimates of costs by line items for any additional investigation
beyond this stage along with estimates of time required to accomplish the
investigation. Furnish the cost data in a separately bound appendix to the
final report.

E. Meetings

The contractor's project leader shall attend two meeLirngs to take place
at times to be specified by the USAFOEHL. The meetings shall take place at
MacDill AFB for a duration of one day each.

II. SITE LOCATION AND DATES

MacDill AFB FL

Date to be established

III. BASE SUPPORT

A. The Base Point of Contact (POC) will receive from the contractor the

split samples and then select 10% of them, package them, and then deliver them
back to the contractor within 2 4 hours for subsequent overnight shipment to
USAFOEHL as stated in paragraph IA2h.

E. Base personnel will assign the disposal points within the installation

of a". hazardous and nonhazardous drill cuttings, contaminated groLn'water, anc
c¢ ta-Arate:i sampling equipment.

?~ ~oer'scnel will designate an ecuip-.er.t staging are=.
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r. - '- - ,- | J i t ! __ail___,_____ ,,,_ , ,, _,, ____

D. Base personnel will mark underground utilities where required.

E. Base personnel will designate an equipment decontamination area.

F. The base will provide office space with telephone and access to copy
machine.

IV. GOVERNMENT FURNISHED PROPERTY: None

V. GOVERNMENT POINTS OF CONTACT

1. USAFOEHL Technical Program Monitor 2. Base Monitor
2Lt Dale Dietzel 2Lt Jeff Mason
USAFOEHL/TSS USAF Regional Hosp MacDIll/SGPB
Brooks AFB TX 78235-5501 MacDill AFB FL 33608-5300
AV 240-2158 AV 968-3534

(512) 536-2158 (813) 830-3534

3. MAJCOM Monitor
Col Jerry Dougherty
HQ TAC/SGPB
Langley AFB VA 23665-5001
AV 432-3322
(804) 764-3322

VI. In addition to sequence numbers 1, 5, and 11 in Attachment 1 to tne
contract, which are applicable to all orders, the sequence numbers listed
below are applicable to this order. Also shown are data applicable to this
order.

Sequence No. Para No. Block 10 Block 11 Block 12 Block 13 Block 14

19 (TOP) IDi OTIME 86 Jul 01 86 Aug 04 -- 10

2 (Cost) ID6 OTIME 87 Dec 28 88 Jan 04 -- 3

7 IA3 OTIME 86 Jul 01 86 Aug 29 3

3 IC2 OTIME ** *3

4 ID ONE/R 86 Feb 06 87 Mar 06 88JAN04

14 MONTHLY 86 Jul 29 86 Aug 29 *3

15 MONTHLY 86 Jul 29 8b Aug 29 *3
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*Two draft reports (25 copies of each) and one final report (50 copies plus
the original camera ready copy) are required. Incorporate Air Force comments
into the sewnd draft and final reports as specified by the USAFOEHL. Supply
the USAFOE-.. with a final copy of the first draft, second draft, and final
reports for acceptance prior to distribution. Distribute remaining 24 copies
of each draft report and 49 copies of the final report as specified by the
USAFOEHL.

**Upon com;etion of the total analytical effort before submission of the
first draft report.

***Submit r:nthly hereafter.
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Table 1

ANALYTICAL METHODS, DETECTION LIMITS, AND NUMBER OF SAMPLES

WATER

DETECTION NO. TOTAL

PARAMETER METHODa LIMIT SAMPLES QA SAMPLES

Purgeable Organic Compounds E601 c 54 5 891

602
[ E601 c 19 2 32i

SW5030/
SW8 0 2 0b

Base/Neutral and Acid E625 d 50 5 5
Extractable Organic Compounds

1,2-Dibromoethane (EDB) E502.1 c 10 1 17i

Petroleum Hydrocarbons E418.1 1O0ug/l 38 4 42

Cadmium (Cd) E213.2 0.O005mg/le 4 1 5

Chromium (Cr) E218.2 O.05mg/le 1 1 5

Lead (Pb) E239.2 0.005mg/ e 31 3 34

Zinc (Zn) E289.1 0.02mg/le 4 1 5

Metals Scan E200.7 f 3 4 17

SOILS

DETECTION NO. TOTAL
PARAMETER METHODA LIMIT SAMPLES QA SAMPLES

Purgeable Organic SW5030/ d 29 3 32

Compounds SW8240

Base/Neutral SW3550/ d 23 2 25

and Acid Extractable SW8270
Organic Compounds

Herbicides SW8150 c 10 1 172

Dioxin SW3550/ d 10 1 11

(2,3,7,8 TCDD) SW8280
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SOILS

DETECTION NO. TOTAL

PARAMETER METHODa LIMIT SAMPLES QA SAMPLES

Petroleum SW3550/ 100mg/kg 9 1 10
Hydrocarbons E418.1

Metals Scan SW1310/ g 20 2 22

SW6010 &
SW7471

Cadmium (Cd) SW3050/ 2.5mg/kge 3 1
SW7130

Chromium (Cr) SW3050/ 25mg/kge 3
SW71 90

Lead (Pb) SW3050/ 50mg/kge 9 1 10
SW7420

Zinc (Zn) SW3050/ 2.5mg/kge 3 1
SW7 950

EP Toxicity SW-846 h 10 1 11

amethod references are as follows:

"E" Methods: E501 through E503 Methods

US EPA
Environmental Monitoring and Support Laboratory
Cincinnati OH 45268
November 6, 1979

E600 Series Methods
Methods for Organic Chemical Analysis of Municipal and

Industrial Wastewater
USEPA
Federal Register, Vol 49, No 209, 26 Oct 1984

E200.7 Method
Inductively Coupled Plasma-Atomic Emission Spectrometer
Method for Trace Element Analysis of Water and Wastes
USEPA
Federal Register, Vol 49, No 209, 26 Oct 1984

"SW"' Methods: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW-846, 2nd Edition (USEPA, 1984)

I
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bpurgeable aromatic compounds shall be analyzed using method SW8020 at Sites

No. 3, "B", and 16, so that xylene can be included among the analytes. All
other analyses for purgeable aromatics shall be by method E602.

CDetection limits for all parameters analyzed by GC shall be as stated in the
respective methods. Report results for organics in water as Ug/l; in soil as
mg/kg. Positive identification is required for all analytes having
concentrations higher than the method detection limit; confirm positive
concentrations by second-column GC. Analytes which cannot be confirmed shall
be reported as "Not Detected" in the body of the report. Include the results
of both first and second-column data in the appendix of the report. Base the
quantification of confirmed analytes upon the first-column analysis.

dDetection limits for all parameters analyzed by GC/MS shall be as stated in
the respective methods. Report results for organics in water as Pg/l; in soil
as mg/kg.

eReport results for metals in water as mg/l; in soil as mg/kg. Report no more

than two significant figures for any metals concentration.

fMetals scan in water shall consist of an ICP scan for priority pollutant and
other metals using E200.7 as follows:

Estimated Detection
Element Limit, mg/l
Aluminum 0.10
*Arsenic 0.01
*Antimony 0.35
Barium 0.05
Beryllium 0.05
Boron 0.05
Cadmium 0.01
Calcium 0.045
Chromium 0.05
Cobalt 0.05
Copper 0.05
Iron 0.05
*Lead 0.01
Magnesium 0.035
Manganese 0.05
*Molybdenum 0.05
Nickel 0.10
Potassium 0.10
*Selenium 0.01
Silica (Si02) 0.10
Silver 0.05
Sodium 1.0
Thallium 0.05
Vanadium 0.05
Zinc 0.05

plus method E245.1 for mercury, with a dete:-t:n limit of C.0002 mg/l. Repzrt
all results as mg/i.

*To meet the detection limits, five -etals -. - analyze" by graphite f-7nace
AAS instead of ICPES: As (E206.2), Sb (E20L'.2), SE (E207.2), Pb (E239.2), MO
(246.2).
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gMetals Scan in soil/sediment shall consist of an extraction by SW131C (EP

Toxicity) and analysis by SW6010 (ICAP) and SW7471 (for mercury), as follows:

Detection Limits

Metal (mg/l of extract)
*Arsenic 0.002
Barium 0.10
Cadmium 0.005
Chr omium 0.05
*Lead 0.05
Mercury 0.0002
*Seleni um 0.01
Silver 0.01

*To meet the detection limits, three metals were analyzed by graphite furnace

AAS instead of ICPES: As (SW7060), Se (SW7'h40), Pb (SW7421).

hEp Toxicity in soil (contaminated drill cuttings) shall be determined using

procedures specified in SW-846, Test Methods for Evaluating Solid Wastes, 2nd
Ed.

iTotal nunber of samples includes second-column confirmation on 50% of field
samples (to include the field QC samples).

Purgeable Organic Compounds - EPA Methods 601-602, 8010-8020, and 823'.

Benzene trans-1,2-Dichloroethene
Bromodi chloromethane 1, 2-Dichloropropane
Bromoform cis-1 ,3-Dichloropropene
Brumomethane trans-i ,3-Dichloroprcpene
Carbon tetrachloride Ethyl benzene
Chlorobenzene Methylene chloride
Chloroethane 1,1 ,2,2-Tetrachloroethane
2-Chloroethyl vinyl ether Tetrachloroethene
Chloroform Toluene
Chloromethane 1, , 1-Trichloroethane
Dibromochloromethane 1 , 1 ,2-Trichloroethane
1 ,2-Dichlorobenzene Trichloroethene (TCE)
1 3-D i chloro benzene Trichlorofluoromethane
1 ,4-Dichlorobenzene Vinyl chloride
1,1-Dichloroethane ortho, meta and para xylene
1,2-Dichloroethane (8020 only)
1, 1-Dichloroethene

Herbicides - Method SW 8150
2,4-D
2,4-DB
2,4,5-T

2,4,5-TP (Silvex)
Dalapon
Dicamba
Dic~ilor:,p-:;

Dinset
MCPA
MCPP
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Extractables -EPA Methods 625 and 8270

Base/Neutral Extractables

Acenapht hen e Naphthal ene
Acenaphthylene Nitrobenzenle
Anthracene N-N itrosodi-n-propylamine
Aidrin PCB-1016
Benzo(a)anthracene PCB-1221
Benzo~b)fluoranthene PCB-1232
Ben zo(kf Itluoranthene PCB-12412
Benzo(a)pyrene PCB-12L48
Benzo(ghi )perylene PCB-1254
Benzyl butyl, phthalate PCB-126o
6-BHC Phenanthrene
6-BHC Pyrene
Bis(2-chloroethyl )ether Toxaphene
Bis(2-chloroethoxy)methane 1 , 2, 1 -Trichl or obenZen e
Bis(2-ethylhexyl )phthalate
Bis(2-chloroisopropyl)ether Acid Extractables
4-Bromophenyl phenyl. ether
Chlordane 4-Chloro-3-methylphenol
2-Chloronaphthalene 2-Chiorophenol
~4-Chlorophenyl. phenyl ether 2,LI-Dichloropheno.
Chrysene 2, 4-Dimethylphenol
'4,LI'-DDD 2,4-Dinitrophenol
J,4'-DDE 2-Methyl-J4,6-dinitrophenol

'4,'4'-DDT 2-N itrophenol.
Dibenzo(a,h)anthracene 4-Nitrophenol
Di-n-butylphthalate Pentachlorophenol
1 ,3-Dichlorob~enzene Phenol
1 ,2-Dichlorbbenzene 2,i,6-Trichlorophenol
S,4-Dichlorobenzene
3,3' -Dichlorobenzi dine
Dieldrin
Diethyl, phthalate
Dimethyl phthalate
2, ±-Dini trotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
Endosulfan sulfate
Endrin aldehyde
Fl uoranthene
Fluorene
Heptachlor
Heptachlor epoxide
Hexachloroberzene
Hexachloro.tadi ene
Hexachlcroe-liane
Indeno(1 ,2,>--cd)pyrene
: sopto~n

Appenix
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APPENDIX I

ANALYTICAL QA/QC DATA

This appendix contains summary tables of information related to the

quality of analytical results obtained during the IRP-Phase II, Stage 2

study at MacDill AFB. Table I.1 and 1.2 present the analytical methods

used and the target method detection limits achieved by the laboratory.

Tables 1.3 through 1.6 list sequentially all water, sediment, and soil

samples collected during the investigation, along with the holding times

for each analysis performed. Tables 1.7 and 1.8 summarize the analyti-

cal results for blind field duplicate and blank samples submitted for

quality assurance (QA) purposes. Tables 1.9 and I.10 provide results of

the laboratory's internal quality control (QC) analyses. These QC

results were obtained from routine analyses of blank, duplicate and

matrix spike samples. Tables 1.11 and 1.12 summarize the holding times

for water samples collected August 1987. Tables 1.13 and 1.14 summarize

QA!QC results for samples collected August 1987.
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TABLE I.1

SUM.MARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR WATER SAMPLES

Target
Analyte Detection Limit

Purgeable Halocarbons
EPA Method 601 (ug,/L)

Maximum Holding Time: 14 Days

Bromodi chiorome thane 0.4

Bromoform 1
Bromomethane 1
Carbon Tetrachloride 0.3
Chlorobenzene 1
Ch loroe thane 0.8
2-Chioroethylvinyl Ether 1
Chloroform .

Chlorrnethane 1
Dibromochioromethane 0.5
1 ,2-Dichlorobenzene0.
1, 3-Dichlorobenzene 0.5
1, 4-Dichlorobenzene 0.5

Dichlorodifluoromethane 1
1 ,1 -Dichloroethane 11.3

1, 2-Dichloroethane 0.2

1,1 -Dichloroethylene 0.4
trans- , 2-Dichloroethene 0.3

1, 2-Dichloropropane 0.5
CiS-1 ,3-Dichloropropene 0.2
trans-i, 3-Dichloropropene 0.2
Methylene Chloride 0.5

1,1,2, 2-Tetrachloros-than- 0.5
Te trach loroethylene 0.2
1 ,1 ,1 -Trichloroethane 0.3

1,1, 2-Trichloroethane 0.3

Trichloroethylene 0.2
Trichlorofluoromethane 0.5

Vinyl Chloride 1
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TABLE 1.1
SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS

FOR WATER SAMPLES

(Continued)

Target

Analyte Detection Limit

Purgeable Aromatics
EPA Method 602 (ug/L)

Maximum Holding Time: 7 Days (without acid preservation)

Benzene 0.5
Chlorobenzene 1
1,2-Dichlorobenzene 0.5
1,3-Dichlorobenzene 0.5
1,4-Dichloroben7ene 0.5
Fthylbenzene 1
Toluene 1

Aromatic Volatile Organics
EPA Method 8020 (ua/L)

Maximum Holdinq Time: 14 Days

Benzene 0.5
Chlorobenzene I

1,2-Dichlorobenzene 0.5
1,3-Dichlorobenzene 0.5
1,4-Dichlorobenzene 0.5

Ethylbenzene 1
Toluene 1
Xylene 1

1,2-Dibromoethane (EDP)

EPA Method 502.1 (ug/L)

Maximum Holding Time: 14 Days

1,2-Dibromoethane 0.02

Petroluem Hydrocarbons

EPA Method 418.1 (mg/L)

Maximum Holding Time: 28 Days

Total Hydrocarbons by IR 0.1
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TABLE 1.1
SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR WATER SAMPLES

(Continued)

Target
Analyte Detection Limit

Base/Neutral and Acid Extractable Organics
EPA Method 625 (uq/L)

M~aximum Holding Times: 7 Days for Extraction
4r Days for Analysis

Acenaphthene .
Acenaphthviene 1 .5
An thracene2
Aldrin 10
Benzo (a) Anthracne ID
Benxo (b) Fluoranthene 501
Benzo (k) Fluoranthienp 50
Benzo (a) Pyrene 50
Renzo(q ,h ,i) Peryiene 5n
Benzyl Butyl Phthalate 25
Fe ta-B HC 10(
Dol'ta-BHC 10
Pis (2-Chloroethyv) Ether 5
Bis (2-Chioroethoxy) Methane 2

Bis (2-Ethylhexyi) Phthalate 20)

Bis (2-Chloroisopropyl) Ether 3.5
4-Bromophenyl Phenyl Ether 1.*6

Oh loranle 2
2-Chloronaphthalene 1 .5

4-Chiorophenyl Phenyl Ether 5
Chrysene 10

4,4' -DIM) 10
4,4' -DDE -10
4,4' -OPT 10

Dibenzo (a,h) Anthracene 50
Di-N-Butyl Phthalate 3
1 ,3-Dichlorobenzene 5
1, 2-Dichlorobenzene 5
1 ,4-Dichlorobenzene 5
3, 3-Dichlorobenzidine r50
Dieidrin 10
Diethyl Phthalate 5
Dimethyl Phthalate2
2, 4-Dinitrotoluene 3.5
2, 6-Dinitrotoluene 3.5
Di-N-Octyl Phthalate 2
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TABLE I.1
SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR WATER SAMPLES

(Continued)

Target
Analyte Detection Limit

Base/Neutral and Acid Extractable organics (continued)
EPA Method 625 (ug/L)

Endosulfan Sulfate 100
Endrin Aldehyde 10
Fluoranthrene 3
Fluorene 1.5
Heptachlor 10

Heptachlor Epoxidie 10
Hexachlorobenzene 1 .2
Hexachlorobutaidene 1 .5

Hexachloroethane 3.5
Indeno (1,2,3-cd) Pyrene 50

Isophorone 3
Naphthalene 1 .5
Nitrobenzene 3
N-Nitrosodi-N-Propylami ne 2.5
PCB-1 016 100
PCB-1 221 100
PCB-1 232 100

PCB-1 242 100

PCB-1 248 100

PCB-1 254 100

PCB-1 260 100

Phenanthrene 2
Pyrene 5

Toxaphene 200

1 ,2, 4-Trichlorobenzene 4
4-Chloro-3-Methylphenol 5

2-Chlorophenol 5
2, 4-Dichlorophenol 4
2, 4-Dimethylphenol 4
2, 4-Dinitrophenol 50

2-Methyl-4, 6-Dinitrophenol 20
2-Nitrophenol 6.5

4-Ni trophenol 3.5
Pentach lorophenol 15
Phenol 10

2,4, 4-Trichlorophenol 3
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TABLE 1.1

SUMMARY OF CHEMICAL ANALYTICAL
METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS

FOR WATER SAMPLES

(Continued)

Target
Analyte Detection Limit

Metals Scan
EPA Methods 200.7 and 245.1 (mg/L)

Maximum Holding Time: 6 Months

Aluminum 0.10
*Arsenic 0.01
*Antimony 0.35

Barium 0.05
Beryllium 0.05
Boron 0.05
Cadmium 0.01
Calcium 0.045
Chromium 0.05
Colbalt 0.05
Copper 0.05
Iron 0.05

*Lead 0.01

Magnesium 0.035
Manganese 0.05
*Molybdenum 0.05

Nickel 0.10
Potassium 0.10
*Selenium 0.01
Silica 0.10
Silver 0.05

Sodium 1.0
Thallium 0.50
Vanadium 0.05
Zinc 2 0.05
Mercury (245.1) <0.0002

* To meet target detection limits, five metals were analyzed by graphite

furnace AAS instead of ICPES: AS (206.2), Sb (204.2), Se (270.2), Pb

(239.2), and Mo (246.2).

Holding time for mercury analysis (245.1) is 28 days.
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TABLE I.1

SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS

FOR WATER SAMPLES
(Continued)

Target

Analyte Detection Limit

Metals
EPA Methods 239.2, 213.2, 218.2, 289.1 (mg/L)

Maximum Holding Time: 6 Months

Lead (239.2) 0.005

Cadmium (213.2) 0.0005
Chromium (218.2) 0.05

Zinc (289.1) 0.02

1
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TABLE 1.2
SUM.MARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR SOIL WATER SAMPLES

Target
Analyte Detection Limit

volatile organics
SW MEthod 5030/8240 (ug/kg dw)

Maximum Holding Time: 14 days

Chioromethane 15
Bromome thane 15
Vinyl Chloride 15
Chloroethane 12
Methylene Chloride 7.5
Trichlorofluoromethane 7.5
1 ,1 -Dichloroethene 6
1,1 -Dichloroethane 4.5
trans-i, 2-Dichloroethene 4.5
Chloroform 3
1 ,2-ichioroethane 3
1,1,1 -Tetrachloride 4.5
Carbon Terachioride 4.5
Bromod ich loromethane 6
1 ,2-Dichloropropane 7.5
trans-i ,3-Dichloropropene 7.5
Trichioroethene 3
Benzene 7.5
Dibromochiorome thane 5
1,1, 2-Trichioroethane 4.5
cis- , 3-Dichloropropene 3
2-Chioroethylvinyl Ether 15
Bromoform 15
1,1 ,2,2-Tetrachloroethane 5
Te trach loroe thane 3
Toluene 15
Ch lorobenzene 15

Ethylbenzene 15
1, 3-Dichlorobenzene 7.5
1, 2-Dichlorobenzene 7.5
1, 4-Dichlorobenzene 7.5
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TABLE 1.2
SUMMARY OF CHEM~ICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR SOIL WATER SAMPLES

(Continued)

Target
Ana lyte Detection Limit

Semivolatile Organics
SW Method 3550/8270 (ug/kg dw)

Maximum Holding Time: 14 days for extraction
40 days for analysis

1 ,3-Dichlorobenzene 1 25
1,*4-Dichlorobenzene 1 25
Hexachloroethane 90
Bix (2-Chloroethyl) Ether 125
1 ,2-Dichlorobenzene 125
Bis (2-Chloroisopropyl) Ether 90
N-Ni trosodi-N-Propylamine 60
Ni trobenzene 75
Hexachlorobutad jene 40
1 ,2, 4-Trichlorobenzene 100
Isophorone 75
Naphthalene 40
Bis (2-Chloroethoxy) Methane 50
Hexachlorocyc lopentadiene 75
2-Chloronaphtha lene 40
Acenaphthylene 40
Acenaphthene 40
Dimethyl Phthalate 50
2, 6-Dinitrotoluene 90
Fluorene 40
4oChlorophenyl Phenyl Ether 125
2, 4-Dinitrotoluene 90
Diethyl Phthalate 125
N-Ni trosodiphenylamine 1 25
Hexachlorobenzene 30
Gamma -BHC 250
4-Bromophenyl Phenyl Ether 40
Delta-BHC 250
Phenanthrene 50
Anthracene 50
Be ta-BHC 250
Heptachlor 250

Alpha-BHC 250
Aidrin 250
Dibutyl Phthalate 75IHeptachlor Epoxide 250
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TABLE 1.2

SUMMARY OF CHEMICAL ANALYTICAL
METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS

FOR SOIL WATER SAMPLES
(Continued)

Target
Analyte Detection Limit

Semivolatile Organics (continued)
SW Method 3550/8270 (ug/kg dw)

Endosulfan I 250
Fluoranthene 75
Dieldrin 250
4,4'DDE 750
Pyrene 125
Endrin 250
Endosulfan II 250
4,4'-DDD 250
Benzidine 1,250
4,4'-DDT 250
Endosulfan Sulfate 2,500
Endrin Aldehyde 250
Butyl Benzyl Phthalate 625
Bis (2-Ethylhexyl) Phthalate 500
Chrysene 250
Benzo(a)Anthracene 250

3,3-Dichlorobenzidine 1,250
Di-N-Octyl Phthalate 1,250
Benzo(b)Fluoranthene 1,250
Benzo(k)Fluoranthene 1,250
Benzo(a)Pyrene 1,250
Ideno(1,2,3-cd)Pyrene 1,250
Dibenzo(a,h)Anthracene 1,250
Benzo(g,h,k)Pyrene 1,250
N-Nitrosodimethylamine 1,250
Chlordane 500
Toxaphene 5,000
PCB-1016 2,500
PCB-1221 2,500
PCB-1232 2,500
PCB-1242 2,500
PCB-1248 2,500
PCB-1254 2,500
PCB-1260 2,500
2-Chlorophenol 125
2-Nitrophenol 160
Phenol 250
2,4-Dimethylphenol 100
2,4-Dichlorophenol 100
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TABLE 1.2

SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR SOIL WATER SAMPLES

(Continued)

Target
Analyte Detection Limit

Semivolatile Organics (continued)
SW Method 3550/8270 (ug/kg dw)

2,4,6-Trichlorophenol 75
4-Chloro-3-Methylphenol 125
2,4-Dinitrophenol 1,250
2-Methyl-4,6-Dinitrophenol 500
Pentachlorophenol 350
4-Nitrophenol 90

Chlorinated Herbicides
SW Method 8150 (mg/kg dw)

Maximum Holding Times: 7 Days for Extraction

30 Days for Analysis

2,4-D 0.03

2,4-DB 0.01
2,4,5-T 0.02
2,4,5-TP Silvex 0.003
DICAMBA 0.01
DICHLORPROP 0.05
DINOSEB 0.02
(4-Chloro-2-Methylphenoxy)-Acetic Acid 3.0
2-(4-Chloro-2-Methylphenoxy)-Propanoic Acid 11.0
Endothal NA

2,3,7,8-TCDD (Dioxin)
SW Method 3550/8280 (ug/kg dw)

Maximum Holding Times: 7 Days for Extraction

30 Days for Analysis

2,3,7,8-TCDD 1

Petroluem Hydrocarbons
SW Method 3550 and EPA Method 418.1 (mg/kg dw)

Maximum Holding Time: 28 Days

Hydrocarbons by IR 1
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TABLE 1.2
SUMMARY OF CHEMICAL ANALYTICAL

METHODS, MAXIMUM HOLDING TIMES AND DETECTION LIMITS
FOR SOIL WATER SAMPLES

(Continued)

Target
Analyte Detection Limit

Metals
SW Methods 3050/7420, 7130, 7950, 7190 (mg/kg dw)

Maximum Detection Limit: 6 Months

Lead (7420) 50
Cadmium (7130) 2.5
Chromium (7190) 25
Zinc (7950) 2.5

Extractable Metals

SW Methods 1310/6010 and 7471 (mg/T)

Maximum Holding Time: 6 Months

*Arsenic 0.002

Barium 0.05
Cadmium 0.01
Chromium 0.05

* Lead 0.05

*Selenium 0.01

Silver 0.05
Mercury (7471) 0.0002

• To meet target detection limits, these metals were analyzed by

graphite furnance AAS instead of ICPES: As (SW 7060), Se (SW 7740),
Pb (SW 7421).

2 Holding time for mercury analysis (7471) is 28 days.

I-12



x c' Cc CE aI cc CL m m m m m m m m m x I

I I I I I

i i i i 1 i i i i i,4 4,4, ,4,4 4,4 4,4, ,4,4 4,

N I I I I I I I I l t l t l l I I lI l l l I

I l l ll4 4 l i li I I I I I I I I I I I I I I

" .; I II I 1 II I I I I I l l
iiiii0

E4 I I I I I I I I I I 1 I I I I I I I

F,
i C.-

Eg
E

-C

t , U. ,

-r U' I I I I I I I Ic z z IL

: mC- I I I I I I I I I l l II

o I1 . I I i i i i i i l i i-

zc <© I~c~ cc c c

iC,

M.
ELI -

CC z IL Ic Iz I I

ix CIx I I I I

C, .

c 
C

I-7-7 z,4,,4,z

%CC Ic Ic IL %I I IL I %C %C Ir 1: z z I z %C z z IL 1 I t

4,4 It I.5 I'C I'.C I I I I I I I I I I I I I
tr 0 l IC,1

0 ~ ~ ~ ~ 1 t. 0 (, L

CCo cc -e-o ooc CC
-, - -- - - - - -- --

rI- C 0 0 0 0 Ic I C I L L I I I z 1% I I I Ic z Ir Ir Iz '

-CC' a, I -l 000 -0 C,- 0 - -4

711 I - - -
0 0 0 0I I I I - c z

- -0 0- 0 - - - - - -

trU m -)L ;F l ;

41 wwwwx

000 00 0 0 0 00 0 2

II w c N ut 4

In m m IL ,r1rIUC C a.C



-Ir Ic %C I I Ira -

0. %PC c I I I

" C

CII

c Ic IL IL

cLIz IL% IL

Ll

I I I I

E I I I I I I I 1 .1 C, C, -1 C, I II

i I

L I I I m a m m I I m x m C C,CC C CC

II . . . .C

< L_ - L. C.

CC

- r- ( mCC

CC

I> - C (c ' r. I I I I I I I I I I I I I II I I I I I I I I
tr C : II I I I I I I I I I Io I I I I I I

DZ % -- -

E ~ ~~~~~~ a EiEEEE

a' Cc CCa cz k r% .k t k cz % cI Lz

. , QC ..

' I ,I I I I I I I I II I , I - -1 1

7 7 77777

C - V, "rV r'(r ' ( '' '' N'"A ' -VC-
°  

,

I I I I Ir I.I rI-I r-I-I I I I I I I

wCwCwLI;CCCCCww -w 4

tr.~~C A IAA

It CC.-.- Ic (N IC ( N .C

Cr LOV E C C <4 C << < < cc-
cI U. *-C--"-C<- < <-

9--C



IDfC~l CCC ID 'I' %DIDwcrc

t I lI I Il I I I I I I I 1i 0 ic i

c c0 0c . - - -

3~~ C II I l I I I

c CcC CCCCC CC

CC

CL L N

c -t I

411

Uc

-C ID ID Ir 1 ID 10 1 I Ic I 1: Ir L IL I IIc
E ccmc cm C C CN c ccc

cr , -a ,C

c , 0 0 0 ,0-C , 0 , C
M

U)I I J*I I cc ccI I 11C I I I I
-A - A

1-1



c a:

I I

0 L

xI c

III

cc m

- a a I I L

x 3

x Ic
4 <

C * -

< <



wIii 1 111 xi ii xi xI LL 1CIcIL

- - - - - - -- -- - -I

E- E

zI I I I H

C K(

x -

E

7 77

Cz z

-l ol C CC C
-r -C -tC - - - - H

C C ' ID 1 ID Ic x I I 1 ID D 0 c 10 I Ic Ic C. Ic (N zN (N (

0CC Cl C,

CE c.c (N(N ('NC (

C- r ~ I II II000000,60II r CC CC
L) - -- - - - - - - - - - -I - - - - - -I

L L,

-- CC CCC CCCC1-17C



IC IN 4 4 4

.-. N. Ic 4 4

4-U

7 0 c z4 z

Z C a a cIc

c U)

EIC a cIc m
C- 1 11 1 1

Zv < . mCa

z 4'Ic < < <

- - <

'C 'C- CIL Ic

ID I4N ICCzCa,

U; U ii

tr.. (r=r

n C a -
< <<
0 0.



TABLE 1.6

SUMMARY OF HOLDING TIMES FOR

SOIL SAMPLE ANALYSES

Date Analyzed (Holding Time in Days

Field Sample Date Dioxins Herbicides

Identifier Collected SW 3550/8280 SW 8150

AA AP9 SS1 ES 10-29-86 11-5-86(7) 11-4-86(6 )a/ 1 --2 2 8 6 ( 1 8 ) b

AA AP9 SS2 ES 10-29-86 11-5-86(7) 11-4-86(6 )/ -- 61) b

AA AP9 SS3 ES 10-29-86 1158(7) 1148( a,1-28(8

AA AP9 SS4 ES 10-29-86 11-S-86(7) 11-4-86(6 )a/, 1 --~2 2 -8 6 (1 8 ) b

AA AP9 SS5 ES 10-29-86 11-5-86(7) 1148()a/1-28(8

ALA AP9 SS6 ES 10-29-86 11-5-86(7) 11-4-86(6 )a/,1--22-86(18)b

AA AP9 SS7 ES 10-29-86 11-5-86(7) 11-4-86(6)'1-228(8 a

AA AP9 SS8 ES 10-29-96 11-5--,i7) 1148()/1-28(8

AA AP9 SS9 ES 10-29-86 11-5-86(7) 11-4-86(6 )a/,1 --~2 2 -8 6 ( 1 8 )b

AA P9SSO E 1-2-8 115-6() 1-4866 a/,1-28(8 b

AA AP9 SS11 ES 10-29-86 11-5-86(7) 11-4-86(6 )a/,1--22-86(18)b

a - Date extracted

b - Date analyzed
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page __ of

Purgeable Ralocarbons Report
EPA Method 601

Lab Sample No. Q Report NO. QCV1
Duplicates MDB-1 Date Analyzed 10-10-86

spike STD. B. Laboratory Supervisor Approval:

Sample matrix: Tom Stpnh ns

X/ wa tr (ug/L) Dilution Factor 1

L-1 Soil (uq/g) (uqlg/) *Hoisture*_

L-1 Other
Spike Source Supelco STD

Blank Duplicates Sike Recoverv Notes
Cmpound C 1 C2 R.PD SA SR SSR

ar dichlorme-thane NO ND I N 0 8.7 87
Bromofor. NO. N ND 14-1 14-
sromcneth e N NnV NO
Carbo tetrachloride ND n I NO
Chlorobenzene Nn NO NO
Choroe than Nn NO N -

2-l 1oroothylvin l ether ND ND --

Chloroform N N O --

Chlorme thane NN D NO
Dibromochloromethane NQ NO NO
1,2-Dichlorobenzene A I ND ND
1,3-Oichlorobenzene NQ NO NO
1,4-Dichlorobemzene NQ ND ND
Dichlorodifluorasehane NO ND ND
1,1-Dichloroe3thane N.ND. NO
1,2-DichloroethAnt Nn N NO
1,1-Dichloroet ene NQ ND ND
trans-1,2-Dichloroethene n Nn NQ 0 0 7.7 77
1,2-Dichloropropae NO N NO
cis-1,3-Oich loro ene NQ NO ND
trans-1,3-Oichloropropene N n N N -U - 6_q 6
Methylene chloride NQ ND ND
1,1,2,2-Tetrachloroethane ND NO ND 0 0 9.9 99
Tetrach.loroethene Nnl .ND N -

1, I, I .-Trichloroetbane ND ND NO io n 9.g 9
1,1,2-Trichloroethane ND ND NO --

Trichloroe thene Il --

Trichlorofluoroe thane NNO N -

Vinyl chloride NO NO --

I If % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) - CI - C2 CI - Concentration One
(Cl + C2)/2 C2 = Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result
SA SA a Spike Added (Concentration)

I 1-36



Enqineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Puzyeable Aromatics Report

EPA Method 602

Lab Sample Nos. C Report No. QCVl

Duplicates MDB-1 Date Analyzed 10-10

Spike STD B Laboratory Supervisor Approval:

Sample matrix:

LX/L Water (uq/L) Dilution Factor

// Soil (ug/) (uq/Kg) *Moisture

Z./ other

Spike Source Sapelco STD

Blank DuDlicates Snike Recovery Notes
Compound Ci C2 RPO SA SR SSR PR

Benzene ND ND ND 10 0 10.4 104

Chlorobnzene ND ND ND

1, 2-Dichlorabonzene ND ND ND

1, 3-Dichlorobenzene ND ND ND

1,4-Oichlorobenzene ND ND ND

Ethylbenze ND ND ND 10 0 9.3 93

Toluene ND ND ND 10 0 10.0 100

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR - Spikee, Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

1-37



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page __ of
Purqeable Salocarbons Report

EPA Method 601

Lab Sample Ns. C Report No. QCV-2

Duplicates PL MD 58-5 Date Analyzed 10-14-86

Spike STD. B. Laboratory Supervisor Approval:

Sample Matrix: Tom Stephens

X/ Water (ug/L) Dilution Factor 1

L/1 Soil (uq/q) (uq/Kg) *Moisture

L/ Other

Spike Source Supelco STD

Blank Duplicates Sike Recoverv Notes
Cpound C C2 RPD SA SR SSR PR

Braodichloronethane N ND IN 10 0 7.7 77
BrMform NO Nn NO - n n in- i J
Bromome'".-e INn Nn I ND

Carbo tetrachloride Nn Nn N-
Chlorobe.zene NO ND ND
Coroethane Nn NI-N
2-Chloroe thylvinyl ether Nn NO . --

Chloroform NQ ND ND
Chlorc'ethane Nf I ND N -

Dibriochlorcmetl.hne NDI ND --

I,2-oichlorobenzene ND ND ND
1 3-Dichlorobenene N NO NO
1,4-Dichlorobenene ND ND ND
Dichlorodifl1uorme thale NO ND ND
1,1-Dichloroethane Nn ND --

1 2-Dichloroethan.e Nn N- N
1,1 -Dichoroethene Nn ND ND
trans-I, 2--.Dicboroe t -ene N* N ND 10 0 6.4 64
1,2-Dicblot-opopano NO _a_ NDti-1,3-Dichloroprpene NO N ND

trans-i 3-Dichloropropene Nn N NO I in n A -q
Methylene chloride ND ND NO -

1,1,2,2-T etrachloroethane NO ND ND 10 0 7.5 75
Tetr a .oroethene ND ND NO
1,1,1-Trichloroethane NO ND ND 10 0 8.4 84
1,1,2-Trichloroethane Nn ND ND
Trichlooethen. Nn ND N -

Triclorofluorl thane .N ND N ID
Vin1 chloride ND I ND

J If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA a Spike Added (Concentration)

1-38



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Pu.reable Armatics Report

EPA Method 602

Lab Sample Nos. QC Report No. QCV2

Duplicates DLMD. 58-5 Date Analyzed 10-14

Spike " STD B Laboratory Supervisor Approval:

Sample Matrix:

/X/ Water (uq/L) Dilution Factor 1

L_/ Soil (uq/q) (uq/Kg) *Moisture

/_/ Or-er
Spike Source Sapelco STD

Blank Duclicates Spike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 9.8 98

Chlorobenzene ND ND ND

1,2-Dichlorobenzene ND ND ND

1,3-Dichlorobenzene ND ND ND

I,4-Dichlorobenhene ND ND ND

Ethylbmzene ND ND ND 10 0 9.0 90

Toluene ND ND ND 10 0 9.5 95

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

1-39



Engineering-Science QUALITY CONTROL RESULTS SUMOARY Page __ of
Purgeable Halocarbons Report

EPA Method 601

SSample Nos. QC Report No. QCV-3

Duplicates PLMD58-1 Date Analyzed 10-15-86

spike STD. B. Laboratory Supervisor Approval:

Sample matrix: Tnm ' pnhpnq

Z Water (uq/L) Dilution Factor 1

L_1 Soil (uq/g) (ug/Kg) *Moisture

L._1 Other
Spike Source Supelco STD

Blank Duplicates Spike Recovery Notes
Compoun C1 CZ RPD SA SR SSR PR

Brcodichlor-ethane NO ND I NQ -. 78

Dromofor. ND NQDF ND 10 0 q q -
Bramcmethane Nn Nn N-
Carbo tetrachloride NQ n- N-
Chlorobenzene N ND NO
Chloroe thane NQ NO N I
2-Chloroeth lvinyl ether Nn ND N -
Chloroform N ND ND
Chioromethane NO ND N -
Dibromochlornethane NO ND ND
1,2-Oichlorobenzene ND ND ND
1,3-Dichlorobenzene _ N NO ND
1,4-Dichlorobenee ND ND ND
Dichlorodifluore thane N ND ND
1,1 -Dichloroethane Nn N---O
1,2-Dichloroethane Nn D N-
1, I-Dichloroethene 1Nn IND NDI
tranx-i,2-Dichloroethene mn I Nn N 10 0 1 8.7 '87
1,2-Dichloropropane ND I N ND
cis-1,3-Dichloro-one NQ ND ND
trans-1,3-oichloropropene NnI' ND ND 1 0 8 4
Methylene chloride Nn ND ND
1,1,2,2-Tetrachloroethane NO ND ND 10 0 9.5 95
Tetrachloroethene Nn Fa NO
1,1,1-Trichloroethane ND I ND ND 10 0 11. 114
1,1,2-Trichloroethane NQ ND N -

Trichloroethene Nn ND N-
Trichlorofluorome -hane NO _ND-
Vinyl chloride ND ND N-

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration ,wo

SSR x Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

1-40



Engineering-Science QUAL1TY CONTROL RESULTS SUMMARY Page of
Purgeable Armatics Report

EPA Method 602

Lab Sample Nos. 
QC Report No. QCVE

Duplicates PLMD58-1 Date Analyzed 10-15

Spike STD B Laboratory Supervisor Approval:

Sample Matrix:

LX/ Water (ug/L) Dilution Factor 1

Soil (uq/g) (uq/Kg) *Moisture

other __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Spike Source Sapelco STD

Blank Dunlicates Svike Recovery Notes

Compound CI C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 11.4 114

Chlorobenzene ND ND ND

1,2-Oichlorobenzene ND ND ND

1, 3-Dichlorobenzene ND ND ND

1, 4-Dichlorobenzene ND ND ND

Ethylbenzene ND ND ND 10 0 11.2 112

Toluene ND ND ND 10 0 11.1 11i

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C1 - C2 Ci - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery CPR) - SSR - SR x 100 SR = Sample Result

SA SA - Spike Added (Concentration)

1-41



Engineering-Science QUALITY CONTROL RESULTS SL.IMARY Page of
Purgeable Salocarbons Report

EPA Nethod 601

Lab Sample Ns. QC Report No. QCV-4
Duplicates RLMD9-4 Data Analyz*d 10-16-86

Spike STD.B. La4boratory Supervisor Approval:

Sample Matrix: Tom Stephgns

-y/ Water (uq/L) Dilution Factor 1

L./ Soil (uq/g) (uq/KXg) *Hoisture

L.1 Othber

Spike Source Supelco STD

Blank plicates Szike Recoverv Notes
Compound C1 C2 RPD SA SR SSR PR

Bromodichlorcuethane NO NQ NQ 10 0 7.3 73
Bromeform NO Nfi_ ND 10 9 .4 94
rmethame Nf Nn N -I

Carb= tetrachloride NQ Nn N-
Chlorobenzene NO ND ND
Chloroethane N D N -

2-Chloroethylvinyl ether N I NO NO
Chloroform NQ ND ND
Chlorceetbane Nn ND N -

Dibromochloromethane NO NO NO
1,2-Oichlorobenzene N ND ND
1,3-Dichlorobenzene ND ND ND
1, 4-Dichlorobenzene NO ND ND
Dichlorodifluorcmethane N ND ND
1,1-Oichloroethane Nn ND ND
1,2-Dichloroethane N -N-
1,1 -Di chloroethene NQ N N
trans-1,2-Dichloroethene N nf ND 10 0 8. : 81
1,2-Dichloro o e NO ND
cis-1,3-ichloropropene NO ND ,ND
trans- 1, 3-Oichlorotro pane N) QND NDQ0 8.3 83
Met hylene chloride NFn NO NO
1,1,2,2-Tetrachloroethane ND ND ND 10 0 9.6 96
Tetrachloroethene Nn ND  ND
1,10-Trichloroethane NO ND ND 10 0 I0.1 154
1,1,2-Trichloroethane Nn ND N -

Trichloroethene NQ ND NO
Trichlorofluoroe thane ND Nn NO
Vinyl chloride NO NU ND

* If % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 CI - Concentration One

(CI + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) = SSR - SR X 100 SR - Sample Result

SA SA -Spike Added (Concentration)

1-42



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Purqeable Aromatics Report _

EPA Method 602

Lab Sample Nos. QC Report No. QCV4

Duplicates RLMD9-4 Dat.e Analyzed 10-16

Spike STD B Laboratory Supervisor Approval:

Sample Matrix:

ZX Water (ug/L) Dilution Factor

Z._/ Soil (uq/g) (ug/Kg) *Moisture

/I Other

Spike Source Sapelco STD

Blank Duolicates Svike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 10.3 103

Chlorobenzene ND ND ND

1,2-Dichlorobenzene ND ND ND

I,3-Dichlorobenzene ND ND ND

1,4-Dichlorobenzene ND ND ND

thylbenzene ND ND ND 10 0 10.2 102

Toluene ND ND ND 10 0 10.3 103

if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(CI 7 C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recnveory (PR) - SSR - SR x 100 SR a Sample Result

SA SA - Spike Added (Concentration)

4



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page __ of

Purgeable Ealocarbons Report

E7A Method 601

Lab Sample Nos. QC Report No. CV-5

Duplicates FAMD23-12 Date Analyzed 10-17-86

Spike. STDl R Laboratory Supervisor Approval:

Sample matrix: Tom SteDhens

/11 Water (uq/L) Dilution Factor I

L_1 Soil (uq/g) (ug/Kq) MNoisture

L_1 Other

Spike Source Supelco STD

Blank plicates Sike Rcoverv Notes
Copound C1 C2 RPD SA SR SSR PR

Bromodichloroe thane ' ND A ND 10 0 12.31 23
Brcomform ND N ND 17-61176
Brooe thaAe ND Nn ND
Carbon tetrachloride NO N- ND
Chlorobenzen.: NO ND ND

lChoroe thane Nf ND I ND
2-<2loroethylvinyl ether NQ NO I N-
Chloroform ND ND ND
Chlorcuethane ND ND ND

Dibroochlorame thane N ND ND
1, 2-Dichlorobenz ene ND ND NO
1,3-Dichlorobenzene NO ND ND
1,4-Dichloroben ene ND ND ND

Dichlorodifluorwethane NO ND ND
1,1-Dichloroethane Nn ND Nn -

1, 2-Dicb.loroe thaae N) N- ND

1,1 -Dichloroe.tene NQ ND N
trans-1, 2-Dichloroethene n Nn N10 0 11. lit)
1,2-Dichloropropane NO NnI ND
cis-1, 3-DichloroM.pane ND ND ND
trans-1,3-Dichloropropene Nn ND 4. 1z
Methylene chloride ND ND ND
1, 1, 2,2-Tetrachloroethane ND ND ND i0 0 19. 193
Tetrachloroethene NO ND ND
1,1,1-Trichloroethane NO ND ND in fl 14. 143
1,1,2-Trichloroethane N..D ND ND
Trichloroethene Nn NO N-
Trichlorofluor ethane N -E- -

Vinyl chloride ND NO N-

It % moisture is reported, results are presented an a dr,-weight basi.s.

Relative Percent Difference (RPD) = C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

* SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Purgeable Arzmatics Report

EPA Method 602

Lab Sample No. QC Report No. QCV5

Duplicates FAMD23-12 Date Analyzed 10-17

Spike STD B Laboratory Supervisor Approval:

Sample matrix:

/X / water (ug/L) Dilution Factor 1

Z_1 Soil (ug/g) (ug/Kg) *Moisture

/_1 Other

Spike Source Sapelco STD

Blank Duplicates Spike Recoverv Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 11.8 118

Ohlorobenzenxe ND ND ND

1,2-Dichlorobenzene ND ND ND

1,3-Dichlorobenzene ND ND ND

1,4-Dichlorobenzene ND ND ND

Ethylbenzene ND ND ND 10 0 7.1 71

Toluene ND ND ND 10 0 11.6 116

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl * C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR = Sample Result

SA SA - Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of

Purgeable Salocarbons Report
EPA Method 601

Lab Sample Nos QC Report No. _ _ _V- __

Duplicates FAMD23-8 Date Analyzed 10-18-86
Spike STD.B. Laboratory Supervisor Approval:

Sample Matrix: Tom Stpph-n
// Water (uq/L) Dilution Factor 1
._1 Soil (ug/g) (uq/Kg) *moistuere

L_1 Other

Spike Source Supelco STD

Blank Duplicates Soike Recovery Notes
Copund C1 C2 RPD SA SR SSR PR

Bromodichlorowethane N- N ND 110 0 6-R 6P
Brsoform ND Nn NO l n R-7 R7

than. 
- 1ne NQa N) NO

Carbo tetrachloride ND N I .ND
Chlorobenzene ND ND ND
Chioroethane Nn ND ND
2-Chloroethylvi.nyl ether Nl ND ND
Chloroform ND ND ND
Chlorinethane N ND ND
DibrmJochlorme thane ND ND ND
1,2-Dichlorobenzene *Jf ND ND
1,3-Dichlorobenz ene ND ND ND
1,4-Dichlorobenzene ND ND ND
Dichlorodifluoreetaane ND ND ND
1,1-Dichloroethane Nn -U_ _a
1,2-Dichloroethane NQl D N-
1,1 -Dichloroe thene Nn .D INO
trans-1,2-Dichlorothen. N N ND 10 0 5.d4 54
1,2-Dichloropropane ND Nn ND
cis-1,3-Dichloropropene Nn ND ND
trans-1 ,3-Oichloropropene Nn ND Nn I in ". 7 1 7 -

Methylene chloride ND ND
1,I,2,2-Tetrachloroetane ND ND ND 1 0 6.5 65
Tatrachloroethene ND N I N-
1,1,1-TrichloroethAne Nn ND ND 17- ... . f 7A
1,1,2-Trichloroethane ND ND ND
Trichloroethene Nn ND --

Trichlorofluoromethane ND ND_ - .
Vinyl chloride ND NQ ND

* If % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(CI + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR - Sample Result

SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY COHTRL RESULTS SU1MMARY Page of
PuVeable Aromatics Report _ _

EPA Miethod 602

Lab Sample Sm. QC Report No. QCV6

Duplicates FAMD2.3-8 Date Analyzed 10-18

Spike STD B Laboratory Supervisor Approval:

Sample matrix:

LX/ Watr (uW/L) Dilution Factor

L__/ Soil (uq/q) (uq/Kg) *Misture

/ / Orher _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Spike Source Sapelco STD

Blank Dulicates S.ike Recoverv Notes
Compound cl C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 9.9 99

Clorobenzene ND ND ND

1 ,2-Dichlorobcezene ND ND ND

1,3-Dichlorobeszene ND ND ND

1,4-Dichlorobenzene ND ND ND
rthylbemzene ND ND ND 10 0 8.7 87

Toluene ND ND ND 10 0 9.3 93 -

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 - Concentration One
(CI + C2)/2 C2 - Concentation Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sazple Result

SA SA - Spike Added (Concentration)
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Engineering-Science QLZTY CONTROL RESULTS SUMMARY Page _ of

Purqeable Ralocarbons Report
EPA Method 601

Lab Sample Nos QC Report No. QCV-7

Duplicates FAMD23-10 Date Analyzed In-?0-m

Spike STD.B. Laboratory Supervisor Approval:

Sample matrix: Tom Stephens

aX/ Water (ugL) Dilution Factor 1

/__/ Soil (ug/g) (ug/Kq) *Moisture

/_/ Other

Spike Source Supelco STD

Blank Duplicates Spike Recovery n Notes
Copoud Cl C2 RPD SA SR SSR PR

Br, odichlor-em e Nta NQ I - 1 0 9.2 92
Drmoform NO N -ND n
DBrme tbane ND NQ NO
Carbo tetachloride Nn Nn NO
Chlorobenzene ND ND ND
Chloroe thane Nn I NO nD
2-hloroethylvinyl ether Nr- N-D N-
Chloroform ND NO NO
Chloromethane Nn NO N- -

Dibro-ochlorinethane NO ND ND
1, 2-Dichlorobenzane NO ND ND
1,3-Dichlorobenzene N ND NO
1,4-Dichlorobenzene NO ND, ND
Dichlorodifluor -ethane NO ND ND
1,1 -Dichloroethane N ND I ND
1,2-Dichloroethane Nn NO I O
1,1 -Oichloroethene Nn ND ND
trans-1,2-Dichloroethene _n Nn I NO - i n .g q
1,2-Dichloropropane NO Nn ND
cis-1,3-Oichloropropene NO ND ND

1ans-1 , 3-Oichloropropene NF NO I N - in n Q n 90
Methylene chloride Nn ND ND
1, 1, 2, 2-Tetrachloroethane ND NO NO 10 n 1'-2 1121
Tietrachloroethene Nn .NO N
1,10-Trichloroethane ND O-NO J . 1 2.2. 225
1,1,2-Trichloroethane Nn ND N -

Trichloroethene Nn ND N-
Trichlorofluorme thane ND _N NnVinyl chloride NO NO NO

SIf % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) = C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Pureable Arxmatics Report

EPA Method 602

Lab Sample Nos. QC Report No. QCV7

Duplicates FAMD23-10 Date Analyzed 10-20

Spike STD B Laboratory Supervisor Approval:

Sample Matrix:

LX/ Water (ug/L) Dilution Factor 1

/ / Soil (uq/g) (uq/Kg) *Moisture
/_.Iother

Spike Source Sapelco STD

Blank Duclicates Svike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 10.5 105

Chlorobenzene ND ND ND

1, 2-Dichlorobenzene ND ND ND

1,3-Dichlorobenzene ND ND ND

1,4-Dichlorobenzene ND ND ND

Ethylbenz ene ND ND ND 10 0 9.6 96

Toluene ND ND ND 10 0 9.9 99

if % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Tlo

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR = Sample Result

SA SA - Spike Added (Concentration)

i
I
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Engineering-Science QUALITY COMTROL RESULTS SUMMARY Page of
Purgeable Halocarbons Report

EPA Method 601

Lab Sample Nos. QC Report No. orV-8

Duplicates RLMD9 SW-I Data Analyzed 10-22-86
Spike STD.B. Laboratory Supervisor Approval:

Sample Matrix: Tom Stephens

/ J/ Water (ug/L) Dilution Factor 1
L._/ Soil (uq/g) (ug/Kg) *Moisture

U_/ Other
Spike Source Supelco STD

Blank Duplicates Spike Recovery Notes
Compound Cl C2 RPD SA SR SSR PR

Bromodichloroeth.ane N ND ND 10 0 7.5 75
srcofor ND Nn IND 0 0 6.3 63
Bra3mo*thane Nn Nn NO
Carbon tetrachloride NQ n NO -

Chlorobenzene ND ND ND
Chioroethane Nn ND N -

2-Chloroethylvinyl ether I Nn ND N -

Chloroform NO ND ND
Chloromethane Nn N O --

Di-brcochloroe thane ND ND NO
1,2-Oichlorobenzene ND ND ND
1,3-Dichlorobenzene NO ND ND
1,4-Oichlorobzene NO ND ND
DichlorodfluoroUtane NO ND ND
I,1-Dichloroethane N* NO ND
1, 2-Oichloroetbane Nn NO N-
1,1 -Dichloroetene Nn N ND
trans- I, 2-Dichloroethene Nn Nn NO 1O U 7.2 2
1,2-Dichloropropane NO NL ND
cis-1,3-Dichloropropene ND ND NO
trans-1,3-Dichloropropene 1 N ,afl Nn in 0 . -

Ithylene chloride NQ ND ND
1, 1, 2, 2-TetrachloroetNane .) r, ,.q 3
Terachloroethene NI hNQ "- 1  -.-.-

1,1,1 -Trichloroethane NQ NO NO IJi. i 100
1,1,2-Trichloroethane - Nn NO N-'T' chl..oetene N n D N
Trichlorofluorcethane ND NO .--
Vinyl chloride N N-

* If % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page of
Purqeable Aromatics Report

EPA Method 602

Lab Sample Nos. QC Report No. QCV8

Duplicates RLMD9.SW-1 Date Analyzed 10-22

Spike STD B Laboratory Supervisor Approval:

Sample matrix:

X/ Water (uq/L) Dilution Factor 1

L_1 Soil (uq/g) (uq/Kg) *Moisture %
L-1/ other

Spike Source Sapelco STD

Blank Duplicates Snike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene ND ND ND 10 0 11.0 110

Chlorobez ene ND ND ND

1,2-Dichlorobenzene ND ND ND

1,3-Dichlorobenzene ND ND ND

1,4-ichlorobenzene ND ND ND

Ethylbenzene ND ND ND 10 0 10.6 106

Toluene ND ND ND 10 0 10.8 108

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration ?do

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUKMARY Page- of
purgeable alocarbons Report

EPA Method 601

Lab Sample Nos. C Report No. OCV-9
Duplicates CMMD11-SW-1 Date Analyzed 10-23-86

Spike STD.C. Laboratory Supervisor Approval:

Sample matrix: Tom Stephens

Water (ug/L) Dilution Factor 1

Soil (ug/g) (uq/Kq) *Moisture

Other
Spike Source Supelco STD

Blank Duplicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Brogodichloromethane NO JD ND
rBro form NO Nn ND
romcaetbane Nn Nn ND - 0 0 10.2 102

Carbon tetrachloride Nn I n N -

Chlorobenzene ND ND ND
Chloroethane Nn N N lu 9.7 97

2-hloroethylvinyl ether NQ NO N -I -

Chloroform ND ND ND
Chlormethane Nn NODI ND1 10 0 1U.71
Dibrenochlorogerlane NO ND ND
1,2-Dich.lorobenzene NO ND ND
1,3-Dichlorobenzene NO NO ND
1,4-Dichlorobnzene j ND ND
Dichlorodifluorome thane NO ND NO
1,1-Dichloroethane NFr ND I N - -

1,2-Dichioroethane Nn ND NO

1,1 -Dichloroethene ND ND ND
trans-1,2-Oichloroethene MN Nn N -

1, 2-Dichloropropane NO N D ND
cis-1,3-Dichloropropene ND NO ND
tans-1 , 3-ichloropropene Nn NO I N -

Methylene chloride NO ND ND
1,1,2,2-Tatrachloroethane ND ND NO
Tetrachloroethene Nn N I ND

, ,1 -Trichloroethane NO ND ND
1,1,2-Trichloroethane NQ ND NO
Trichioroethene Nn i N-D
TrichlorofluoroIet aane ND ND N-
Vinyl chloride NO NO - 0 0 1 95

I ti % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Difference (RPD) M Cl - C2 CI - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA - Spike Added (Concentration)
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Engineering-Science QUALITi CONTROL RESULTS SUMMARY Page 2 of 2

Puzeable Armatics epor -_
PA Method 602 /8020

Lab Sample Nos. QC Report No. QCV-9

Duplicates CMMDH-SW-1 Date Analyzed 10/23/86

Spike - STD C Laboratory Supervisor Approval:

Sample mtrix.:

LX Water (ug/L) Dilution Factor

// Soil (uq/g) (uq/Kg) *Moisture

Z/ Other
Spike Souce Supelco Std.

Blank Duclicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzen--e ND ND ND

Chlorobenzene ND ND ND

1,2-Dichlorobemzene ND ND ND

l,3-Dichlorobezene ND ND ND

1,4-Dichlorobemzene ND ND ND

E.lbenzene  ND ND ND

Toluene ND ND ND

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) C1 - C2 C1 - Concentration One
(Ci + C2;/2 C2 - Concentration !1o

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentation)
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Engineering-Science QUALITY CONTROL RESULTS SUM14ARY Page of
Purgeable Nalocarbons Report

EPA Ibthod 601

Lab Sample Nos. QC Report No. OCV-10

Duplicates ArA27-2 Date Analyzed 10-29-86

Spike STD.C. Laboratory Supervisor Approval:

Sample Matrix: Tom Steohens

Z t/ Water (uq/L) Dilution Factor 1

L_1 Sail (uq/g) (uq/Kg) *oisture

Other
Spike Source Supelco STD

Blank Duplicates Stike Recoverev tes

Compouwn I C C2 RPD SA SR SSR PR

Broodichloroethane _NO ND -O
3mrofor NQ Nn - -
Broci,seth, • Nr Nr ND I 0 -9.4 94

Carbn tetrachloride NQ n I N -

Chlorobenzene NO ND ND
Chloroe thane NL NO N41 0 9.9 99
2-Chloroethylvinyl ether Nn I NO  N-

Chloroform NQ I ND ND
Chlorcoethane NnD N) NO I0 0 9.9 99

Dibroochloromehane ND ND ND
1,2-Dichlorobenzene N I ND ND
1, 3-Dichlorobenzene NO ND ND
1,4-Dichlorobenzene NjO ND NO
ichloradifluoramethane N ND ND
1,1-Dichloroethane Nn Q N-

1,2-Dichleroetane Nn ND I N -

1,1 -Oichloroethene ND N D N
trans-1,2-Dichloroethene Wn -IL N- -

1, 2-Dichlorop-opane NO Nn ND
cis-1, 3-Dichloropropene ND NO ND
trans-1,3-Dichloropropene Nn ND - -

Methylene chloride Nn ND N -

1,1,2,2-Tetrachloroehane ND ND ND
Tetrachloro t hene NQ Q NO
1,1,1 -Trichloroeth ae NQD I NO NO
1,1,2-Trichloroethane N n NO NO

Trichloro.thene Nn _a_ N -

Trichlorafluoro-ethane N N- ND
Vinyl chloride N N O 9.9 99

- - -, - -
* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result
Percent Recovery (PR) = SSR - SR x 100 SR = Sample Result

SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 2 of 2
Purqeable Arcmatics Report

EA method 6o2/8020

Lab Sample Nos. - Report Nto. QCV-10

Dplicates ACAP7-2 Date Analyzed 10/29/86

Spike - STD C Laboratory Supervisor Approval:

Sample matrix:

X Water (uq/L) Dilution Factor 1

.__/ Soil (uq/g) (uq/Kg) *Moisture

Spike Source Supelco STD

Blank ulicates Svike Recovery Notes
Cpound Cl C2 RF D IR SS PR

Benzene ND ND ND

Olorobene ND ND ND

1,2-Oichlorobenzene ND ND ND

1,3-Dichlorobenzene ND ND ND

1,4-Dichlorobenzene ND ND ND

Ethyin ene ND ND ND

Toluene ND ND ND

If % moisture is reported, results are presented an a dry-weight kasis.

Relative Percent Difference (RPD) C1 - C2 CI - Concentation One
(CI +C2)/ C2 - Concentration Two

SSt - Spiked Sample Result

Percent Recovery (PR) SSR - SR x 100 SR n Sample Result
SA SA - Spike Added (Concentration)
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Enigneerinq-Science QUALITY CONTROL RESULTS SUIMARY Page _ of
Purgeable Nalocarbons Report

EpA Nmethod 601

Lab Sample Nos. QC Report No. _ 0CV-1

Duplicates AOAP6-5 Date Analyzed 10-31-86

spike STD.C. Laboratory Supervisor Approval:

Sample Matrix: Tom SteDhens

Water (ug/L) Dilution Factor 1

Soil (uq/g) (uq/Xq) *Moisture_

L.- O-her

spike Source Supelco STD

Blank Duplicates Spike Recovery _,, Notes

Cpound C1 C2 RPD SA SR SSR PR

-__,- ND 1 16.9 169Bromcnethlore tNni Nnf I N

Carbn tetrachloride Nn N O - --

Chlorobenene NO ND ND
Chloroethane Nn ND NO 10 0 11.6 116
2-Chloroethylvinyl ether Nn NO NO
Chloroform NO ND ND
Chlorcie-he Nt NO INO 1 I10 0 12,1 121
Dibrcoochloromeehe NO ND ND
1,2-Dichlorobenzene ND ND ND -

1, 3-Dichlorobenzene N_ ADI ND
1,4-Dichlorobenzene NO ND ND
Dichlorodi fluoar t hane NO ND ND
,,1 -Dichloroethane No ND N-

1, 2-Dichlorcethane Nn NO IN
1, ,-Dichloroethene Nn ND NO
trans-1,2-Dichloroethene N n N I N -

1,2-Dichloropropane .NO Nn ND
cis-1,3-Dichloro-open*e NO ND ND
trans-1,3-Dichlorapropee Nn ND ND
ethylene chloride ND ND ND
1,1,2,2-Tstrachloroethane NO ND ND
Tetachloroe thene N ND D - -

1,1,1-TrichloroethAme NnD I ND ND
1, 1,2-Trichloroethane NQ ND ND
Trichloroeene N nD
Trichlorofluorcue thane NO__N
Vinyl chloride N- 10 0 100

I Lf % moisture is reported, results are presented an a dry-weight basis.

Relative Percent Differenre (RPD) 0 C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concentration Two

SSR = Spiked Sample Result

Percent Recovery (PR) = SSR - SR x 100 SR - Sample Result
• SA SA = Spike Added (Concentration)
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Emgineering-Science QOALITY CONTROL RESULTS SUMMARY Page 2 of 2
Purgeable Armatics Report

EPA Method 602

Lab Sample Nos. C Report N. QC-11

Dplicates AOAP6-5 Date Analyzed 10-31-86

Spike * STD C Laboratory Supervisor Approval:

Sample mIrix:

X ater (ug/L) Dilution Factor 1

/.. Soil (uq/) (uq/Kg) *moisture

Spike Source Sapelco STD

Blank Duclicates Svike Recovery Notes
Cpound CI C2 RPO SA SR SSR PR

l bze meND ND ND

Chlorobenzene --- N I--

1 ,2-Dichlorobanzene ND ND ND

I,3-Dichlorobenzene ND ND ND

1,4-Oichorobenzene ND ND ND

Ethylb zene ND ND ND

Toluane ND ND ND

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl + C2)/2 C2 - Concent-atIon T'do

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA = Spike Added (Concenr.ation) I
I
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LOG NO: 00-1001

Mr. Mark Guthrie
Engineering-Scienut.
57 Executive PakSoutli.. Suite 590
Atlanta. Georgia 30329

QC Report - Matrix Spikes (8240) Page 1

LOG NO SAMPLE DESCRIPTION SAMPLEE' B,

1001-! QC Repu~t - QCMSV1 C: iel
1001- kt-poit - QCMSV'2

P..RAME T R ~c- o:-

CLP Mfat!ix Spiktf -Vuaties

2S2

Gb] ueobit--ii7t-,
Btujuene Rt. 07

------------------------------- ---------- ---------- ----- ---- ---------- ----------

J~ -W Andrews, . FI
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LOG NO- 00-1000

M,. Mark Gut,, ie
Ergini eli : i-Sc i elict

37 Executive Park Sout>.. Suite 590
A t Iltd a u. gia 3029

QC Report - acrix Spikes (625/8270)

LOG NO SAMPLE DESCRPTON SAMPLE7 D'

1000-1 - QCMS266-
1000 -2 QC ktl t QCSV6
1OCC-3 QC Re,! QCYS2S03S
000-4 QC Rrp,_! t Q(MS2202
1000-5 QC R ) Q23SV26:3

PARA:.7.F Pc 0 5 - 0 0-2,

Mil at,1 i x S )i k $t r-t a?

Acenaplhthene 6- T
2.4-D3iP ijt ut,,' t-. tl" 92 .

2 :i~ciO'uc',:i> . '. " 2 "XC ":- .
- ,- ' ,t ) l~ , t -\" 7 "" 4-

4~~~~~ L)tu .,' N "2;

0:~~ j :jtfIL



LOG NO. 00-1000

Mr. Mark Guthrvie
Erng! vietz-_ i n -S ci ence

7, Executlve Park Svutl,. Site 390
Atlanta. Geoigla 30329

QC Report - Matrix Spikes (625/8270) Pavt! 2

LOG NO SAMPLE DESCRIPTION SAIMPLED BY

1000-6 QC Rputtz - QCMS27C5 Ci lent

1000-7 QC Reiju, t QCS ,VC
1000-8 QC Repout - QCSVI!

PARAME TER 1000 -6 1000 -7 i000-,2

CLPF Mat :ix Spike Sefffivolat!:r

1.2.4-Ti cilur-obeizeru. % Rfe i 97 28

Acenapthene, % Re0.

2.4-Dinitrotout ,t. R u. 104 60 84

P ~',tn. % Rtt - 89 135

N- u tud - Nd-.-PupVlam ii e. R, 82 49

1 .4-Dit;i u bthi zl.tn . % R"4 C

-_,t c : o ,w wn ' °o- c - 14

-C 1l0o1u L hIe,! Io . % .R .. iC4 A(

- -C iW ui -3-f,,v.th :p L . 19 39 36

.. -N. C~ UP; I > l 8

~I -&(J
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Engineerinq-Science QUALI CONTROL RESULTS SUMMARY Page I of I

Chlorinated Herbicides Report

SW Method 8150

Lab Sample Nos. QC Report No. QCH1

Duplicates 2785-23 Date Analyzed 11/22/86

Spike 2785-23 Laboratory Supervisor Approval:

Sample Matrix: AA q_ -L).---

L_1 water (uq/L) Dlut.ion Factor 1

X/ Soil (uq/q) (uq/Xq) *Moisture 92

/-/ Other -- __

Spike Source FPA

Blank Duvlicates Soike Recovery - Notes
Comp C, C2 RPD SA SR SSR PR

2,4-D <0.03 .03 <.03 0.2 <.0310.21 105 108**

2,4-DB <0.01 <_|<i 0-7 <-()I -k IQ Q9
2,4,5-T <0.02 .02 .02 0.2 <.02 0.17 85

2,4,5-TP Silvex <00. .00 0.2 <.00 0.17 85 84**

DICAMBA <0.0L .01 <.01 0.2 <.01 .16 80

DICLORPROP <0.5- 0.5 (.05 .43 186

DINOSEB I, <_Q - . 2 0~.2 10

(4-Chloro-2-Methvlphenoxvy"
-Aei cd8.0 <8 1<8 !50 <8 37 74-Acetic Acid

2- (4-Chloro-2-Met- 1PhenoxN)

-Procanoic Acid <11 <11 <11 so <11 41 82

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(Cl CV/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) , SSR - SR x 100 SR , Sample ResultSSA SA - Spike Added (Concentration)

J I** Recovery of second spike

S 859J1 11-

I 1-78
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 1 of 'A
Purgeable Halocarbons Report

EPA Method 601

Lab Sample Nos. QC Report No. _ _ _-

Duplicates Mi AVSP Date Analyzed ) 5

spike -+...s A 4 3 Labo,atory Supervisor Approval:

Sample Matrix: 9. ( .

L Water (ug/L) Dilution Factor I.0

/_ Soil (ug/g) (ug/Xg) *Moisture AA

Other

Spike Source Sopi" .! e&-Ies A +- 5P- Ioo DOD 4 .

Blank Duplicates Snike Recoverv Notes
Compound CI C2 RPD SA SR SSR PR

Bromodichlorue thane
Bromoform
Bromcme thane
Carbo te rachloride
Chiorobenzene Y' - 1 , 5. /0 /0,0 aO 9.9 9/
Chloroe thane
2-Chloroethylin;yl ether
Chloroform
Chlorme thane
Dibrosochloromet hane
I,2-Dichlorobanzene
1,3-Dichlorobenzene
1, 4-Dichlorobenzene
Dichlorodifluorome thane
1, I -Dichloroe thane
I,2-Dichloroethane
1,1-Dichloroethene ?.9 )2P.2. /0-0 9AJO 99 f9
trans-1 , 2-Dichloroothene
1, 2-Dich.oropane -

cis-i,3-Oichloropropene
trans-1,3-Dichloropropene
Methylene chloride

1, 1, 2, 2-T.trachloroethane
Te trachloroe thene
II, -Trichloroethane
1, 1,2-Trichloroethane
Trichloroethene - .-.iL .. //.9 /0.0 AJO '0 98
Trichlorofluorme thane
Vinyl chloride ,- 

-

I If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - CI - C2 C1 - Concentration One
(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result
859J1 SA SA = Spike Added (Concentration)

1-80



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 2 of
Purgeable Balocarbons Report

EPA Method 601

Lab Sample Nos. QC Report No. 9)!-I

Duplicates Ms. t5.Mp Date Analyzed '91M.51,
Spike -. c. A4-8 Laboratory Supervisor Approval:

Sample Matrix: ()(....

// Water (ug/L) Dilution Factor_ _ __ __ _

// Soil (ug/g) (ug/Kg) *Moisture Aj

/_/ Other

Spike Source 4. PL .#-, Ls A*M

Blank Dulicates Spike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Bremodichloromethane _

Brmwoform
Bromame thane
Carbon tetzachloride
Chlorobenzene /0,o 0 AI.D * f
Chloroe thane
2-Chloroethy Ivinyl ether
Chloroform
Chlorome thane
Dibromochloromethane
1,2-Dichlorobenzene
1 , 3-Dichlorobenzene

1 ,4-Dichlorobenzene
Dichlorodifluorome thane

1-Dichloroethane
1,2-Dichloroetbane
1,1 -oichloroethene /0. 1 A .* ..
trans-1 ,2-Dichloroe thene
1,2-Oichloropopane
cis-1,3-Dichloropropene
trans- ,3-Dichloropropene
Methylene chloride

1,1,2, 2-Tetrachloroethane ...
Tetrachloroe thene ,--
1,1,1 -Trichloroethan*e -

1,1, 2-Trichloroethane
Trichloroethene ...,' ...L2... .LF.
Trichlorofluorcme thane -----

Vinyl chloride - - -

* If % moisture is reported, results are presented on a dry-weig~t basis.

Relative Percent Difference (RPD) = C1 - C2 C1 - Concentration One
(Ci + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

8591111 SA SA = Spike Added (Concentration)
S1-81 .1



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page
Purgeable Aromatics Report

EPA method 602

Lab Sample Nos. QC Report No. _ 0 %J-J
Duplicates AAS.A jp Date Analyzed S )a5 ).

Spike At8 Laboratory Supervisor Approval:

Sample Matrix: Q. w ..
/X/ Water (ug/L) Diyution Factor_ 1.0
/ / Soil (ug/g) (UglKg) *Moisture NA
/, / Other

Spike Source ,pe I IeA A"-e

Blank Dualicates Soike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Benzene 1 0O. L 1o 4. 10.0 AJU 10-5 105

Chlorobenzene

1,2-Dichlorobenzene

1, 3-Dichlorobenzene

1 ,4-Dichlorobenzene

Et.hylbenzene

Toluene 10j OS4 - 0 Ub~ L ) J.S' 1

- - -- - -,

* If % moisture is reported, results axe presented on a dry-weigh: basis.

Relative Percent Difference (RPD) i C - C2 C, - Conrentration One
(Cl C2)/ C2 - Concentration t

SSR w Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR a Sample Result

SA SA wSpike Added (Concentraticn)

1-82



Engineering-Science QUALITY CONTROL RESULTS SULA.RY Page of
Purgeable Aromatics Report

EPA ethod 602

Lab Sample Nos. QC Report No. QC U-I

Duplicates MS Ak&5j Date Analyzed

Spike % e-"I% A i Laboratory Supervisor Approval:

Sample Matrix: LA_.__ _ _ _ _ _

/ / Water (ug/L) Dilution Factor j, C

/_/ Soil (ug/g) (ug/Kg) *Moisture .A

/_/ Otoher
Spike sour:e A 3+t

Blank Duolicates Soike Recoverv Notes
Commound C1 C2 RPD SA SR SSR PR

Benzene f/O 01 /I /D.' /c-

Chlorobenzene

1, 2-Dichlorobenzene

1,3-Dichlorobezene

1 , 4-Dichlarobe.zene _

Ethylbenzene J
Toluene /0.0 /O /0.3 /c3

:f % mo sture is reported, results are presented on a d-ry-weight basl.s.

Relative Percent Difference (RP:) C1 - C2 C. a Concenraton Cne
(CI C2)/2 C2 - Concentration ".

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

I

1-83 I



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page / of

Purgeable Halocarbons Report
EPA Method 601

Lab Sample Nos QCS Reor No. V )

Duplicates __4 ____ Date Analyzed W/2// 9-
Spike P, 3eAIe-e -t Laboratory Supervisor Approval:

Sample Matrix: ,___ _, __,.,_,._-

Water (ug/L) Dilution Factor 1.O

// Soil (ug/g) (ug/Kg) *Moisrure IJA

/ /Other __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Spike Source srpoie.o A A C OLII

Blank Duplicates Spike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Bromodichlorcethan-
Brcooform
Brmcce thane
Carbon te trachloride
Chlorobenzene .' ij.- /0.0 Z .",&-
Chloroe thane
2-Cbloroethylvinyl ether ._ -

Chloroform
Chlorcmethane
Dibrocnochloroe thane
1,2-Dichlorobenzene
1 ,3-Dichlorobenz ene
1, 4-Dichlorobenzene
Dichlarodifluor-e thane
1, 1 -Dichloroethane
1, 2-Dichloroet ane
1,1-Dichloroe thene /0 . 11i 9% 0.o AJo /0,/ / o/

trans-1 , 2-Dichloroethene
1,2-Dichloropropane . ;-,,
cis-1,3-Dichloropropene
trans-1 ,3-Dichloropropene
se thylene chloride.. .
, 1, 2, 2-Tetrachloroe -ne

Te trachaoroe thene
, 1,1 -Tichloroe thae

1,1,2'-Tichloroe thane

Trichloro>ethene. -/ .3 //.2. /q.1 lo 0 /0. /3 __

~Trichlorofluoramethane
Vinyl chloride . .

i If % moisture is reported, results are presented on a dry--weight basis.

Relative Percent Difference (RPD) - CI - C2 Ci - Concentration One
(CI + C2)/2 C2 - Concentration Tvo

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA = Spike Added (Concentration)I 1-84



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page e;2  of

Purgeable Halocarbons Report
EPA Method 601

Lab Sample Nos. QC Report No. - 2--
Dupl~icates pr 4 Date Analyzed 2
Spike Pu - Ie A Laboratory Supervisor Approval:

Sample Matrix: ____I ___________6____k__

/)/ Water (ug/L) 4ilution Factor_ _ _ _ _

/ / Soil (uglg) (ug/Kg) *Moisture AJA
/ / Other

Spike Source ,.La-"4da -
j

Blank Duplicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Bromodichlorce thane .
Brmof orm
Bromcme thane
Carbon tetrachloride
Chloro.bezlene //
Cloroetha.ne
2-Chloroethylvinyl ether
Chloroform
Chlorwethane
Dibromochlorne thane
1, 2-Dichlorobenzene
1,3-Dichlorobenzene
ci4-Dichlorobenzene
Dichlorodifluoroiethane
I, I -Dichloroe hane
1 , 2-eDichloroe roane
1,1--Dichloroethene
trans-1,2-Dichloroehene
1, 1 2Dichlorop pane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Methylene chloride

1, 1, 2, 2-Te trachloroeC hane
Te trachloroe Aeene ,C,,,rti,

I, I, I-Trichloroe1hane
1,I, 2-Trichloroethane
Trichloroethene 4)0C 9- ?3 3
Trichlorof luorowe thane /
Vlnyl chloride U

"If % moisture is reported, results are presented on a dry-Mweiqht basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration one
(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
IPercent Recovery (PR) - SSR - SR x 100 SR = Sample Result

SA SA - Spike Added (Concentration)



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 3 of
Purgeable Aromatics Report_

EPA Method 602

Lab Sample NoS. C Report No. c V-

Duplicates AAS 0 AS 1> Date Analyzed ~ 25

Spike ? s,60 A Laboratory Supervisor Approval:

Sample Matrix: 9 U.

_%!A Water (ug/L) Dilut.ion Factor a.

//ISoil (ug/g) (ug/Kg) *Moisture IJA

/.Iot~her

Spike Source _ lei A- - a

Blank Duolicates Soike Recovery Notes
Compound CI C2 RPD SA SR SSR PR

Benzene ND /0 3 r92 3/. /6' -0IO /0,.3 103

Chlorobenzene

1,2-Dichlorobenzene

1, 3-Dichlorobenzene
1,4-Dichlorobenzene

Ethylbenzene

Toluene No D_4

If moisture is reported, results are presented on a dry-weight basis.

Relative Percent oifference (RPD) - Cl - C2 Cl - Concentration One
(Cl + C2)/2 C2 - Concentration TVo

SSR - Spiked Sample Result
Percent Recovery (PR) a SSR - SR x 100 SR - Saaple ResultgSA 3A - Spike Added (Concentration)

I

i 1-86



Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 41 of
Purgeable Aromatics Report

EPA Method 602

Lab Sample Nos. QC Report No. /01) C-L -2
Duplica tes A41AsDDate Analyzed ~ 2 -

Spike A -+. Laboratory Supervisor Approval:

Sample Matrix: 9 j,

/_..' water (ug/L) Dilution Factor _ _ _

// Soil (ug/g) (ug/Kg) *Moisture kA

/_/IOther
Spike Source e,-tes A

Blank Duolicates Sike Recoverv Notes
Compound Cl C2 RPD SA SR SSR PR

Benzene ____ /e Vo /)
Chlorobenzene

1,2-Dichlorobenzene 43-Dichlorobenzene
I -Dichlarobenzene,4-Dichlorob.nzene

Ethylbenzene _

Toluene P __D /0, N 0 9, c

If % moisture is reported, results are presented on a dry-weight basis. j
Relative Percent Difference (RPD) - C1 - C2 Ci - Concentration One

(C7 C2)/2 C2 - Concentration T.vo

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration) I

1

1-87 1
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 1 of
Purgeable Ea±ocarbons Report

EPA Method 601

Lab Sample Nos. CC Report No. V
Duplicates M.17 AoSD Date Analyzed _________L_

Spike PvjqMeA.,Ies 5td A+8 Laboratory Supervisor Approval:

Sample Matrix: " (2.

_X/ Water (ug/L) Dilution Factor I, "
/_/ Soil (ug/g) (ug/Kg) *Moisture N A

// other

Spike Source ,-S.peApo r- --,b I' A +*Q P13 .,- C -

Blank Duplicates Smike Recovery Notes

Compound C I C2 RPD SA SR SSR PR

Bromodichloromethane--
Brcmoform
Bromme thane
Carbon tetrachloride

Chlorobenzene ,9 Y 0 /0,0 D 9 Z

CJ.loroe thane
2-Chloroe thylvinyl ether
Chloroform I/,' /0,/ , . D /o.) - /o44
Chlorme thane
Dibromochloramethane
1,2-Dichlorobenzene
1, 3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoroe thane
1,1-Dichloroethane

1,2-Dichloroethane
1,1-Oichloroethene 1/0. lo. I ,0 16.o AID /.I /()1

trans-1,2-Dichloroe thene
1,2-DichloroRopa-ne
cis-1,3-Dichloropropene
trans-1,3-Dichlaropropene
Methylene chloride .- F. I .L I 0-0 4jo .3 Y3
1, 1, 2,2-Tetrachloroethane
Te trachloroe thene
1, I, 1 -Trichloroethane
1, 1, 2-Trichloroethane
Trichloroe thene
Trichlorofluorme thane
Vinyl chloride I --

' If % moisture is reported, results are presented on a dry-".eight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(C" + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result
SA SA = Spike Added (Concentration)

1-88 -



Engineering-Science QUALITY CONTROL RESULTS SLZMARY Page A of -;

Purgeable Nalocarbons Report
EPA Method 601

Lab Sample Nos. CReportNo. ___

Duplicates MS s Mtj Date Analyzed

Spike "4a " 4- Laboratory Supervisor Approval:

Sample Matrix: . ),.,

Water (uq/L) Dilution Factor 1,C

L/ Soil (uq/g) (ug/Kq) moisture NA.L_1/ Or-her

Soike Source 1 ,el c.4 L . ,In' A + Q

Blank Duplicates Soike Recoverv ,Notes
Cmopound C1 C2 RPD SA SR SSR PR

Bromdichloroe thane -- - -

Br=moforn
-ocmeh tane

Carbon tetrachloride
Chlorobenzene /0. - /V' 9. __

Chloroe thane
2-Chloroethylvinyl ether
Chloroform - - A/ / /
Chlor e thane
Dibrocochlorme thane
1,2-Oichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluormethane
1, 1 -Dichloroethane
1, 2-Dichloroethbane
1,1 -Dichloroethene /0 O /0,2 / 2-
trans- 1,2-Dichloroe thene
1,2-Dichloro ane
cis-1,3-Oichloropropene
trans-1,3-Dichloropropene
Methylene chloride /0,0 * 8,

1, 1, 2, 2-Tetrachloroe thane
Te trachioroe then,,
1,1,1 -Trichloroethane
1,1 ,2-Trichloroethane
Trichloroe thene

Trichlorofluoreme thane N,
VLnyl chloride p

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One
(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)

1-89



Engineering-Science QUALITY CONTROL RESULTS SMMARY Page / of
Purgeable Kalocarbons Recort

EPA Method 601

Lab Sample Nos. QCReport No. 2(-' iJp-
Duplicates M 5t~ Date Analyzed -512912+
Spike "P-$,"I e, A ,. Laboratory Supervisor Approval:

Sample Matrix: j..

Water (ug/L) Dilution Factor I .0
/_ / Soil (ug/g) (ug/Xg) *Moisture &) A

/./ Other

Spike Source OA S+..L A + eC c~~~L C. " ,

Blank Duplicates Soike Recovery Notes
Compound C1 C2 RPD SA SR SSR PR

Bromodichloroe thane -

Bromoform
Broeoe thane
Carbon te trachloride
Chlorob.nzene 1 - /co Q /0 ,,z / A JD 0 R e)
Chloroe thane
2-Chloro thylvinyl ether

Chloroform -7. j , .,2 - .Z ..9 ... . --

Chlorome thane
Dibromchlorc ehane
1,2-Dichlorobenzene
1, 3-Dichlorobenzene
1, 4-Dichlorobenzene --

Dichlorodifluorae thane
1,1 -Dichloroethane
1,2-Dich.loroethane
1,1-Dichloroethene I 5 /0, . A( 0 Cf. 1 '90

trans - .2-Dichloroethene
1, 2-Oie ... ropropane

cis-1,3-Dichloropropene
trans-1,3-Oichloropropene I

Methylene chloride ,1 , .2.- / - D ? -

1, 1, 2, 2-Tetrachloroethane
Te trachloroe thene
1,1,1 -Trichloroethane
1, 1,2-Trichloroethane
Trichloroe thene
Trichlorofluoroe thane _

Vinyl chloride - -

I * If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One

(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA = Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page 2 of
Purgeable Salocarbons Report

EPA Method 601

Lab Sample Nos. QC-Report No.

Duplicates AAS, MS p Date Analyzed

Spike j fde4|$ - Laboratory Supervisor Approval:

Sample Matrix:_________ ______

L / Water (ug/L) Dilution Factor .. o

L_1 Soil (ug/g) (ug/Kg) *Moisture_

/,j1 Other --

Spike Source r .~tn V-eJ, 4tg St L.~ Ar.5 4?-aci MCr-A

Blank Duplicates Soike Recovery Notes
Cmpound C1 C2 RPD SA SR SSR PR

Bromodichlorce thanne ---
Broforn I

Brcncethane
Carbo tetrachloride
Chlorobenzeri. 11. - -- A 1e (2. /C5
Chloroe thane
2-Chloroethylvi-yl ether
Chloroform ) ) A Fa W2 __

Chlorce thane
Dibrosochlorcethane

* 1,2-Oichlorobenzene
1 , 3-Dichlorobenzene
1,4-Dichlorobenzene

Dichlorodifluorce thane
I,1 -Dichloroethane
1,2-Dichloroe thane
I, I -Dichloroe thene -- ,- - -

trans- 1,2-Dichloroe thene
1,2-Dichlorapropane

cis-1,3-Dichloropropene
trans-i ,3-Oichloropr pen-
Methylene chloride /.O A,) 9. 2.- ?
1,1,2, 2-Tetrachloroethane
Te trachloroe thene
1,1,1 -Trichloroeane--
1, 1,2-Trichloroethane
Trichloroe thene
Trichlorofluorme thane
Vinyl chloride

* If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 - Concentration One

(C1 + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page I of

Purgeable Aromatics Repot _
EPA Method 602

Lab Sample Nos. QC Report No. Q J "- I
Duplicates M 4SJDDate Anlyzed g. ' 2. 9

Spike 264a Laboratory Supervisor Approval:

Sample matrix:

IL11 water (ug/L) Dil ion Factor LO

/_ Soil (ug/g) (uq/Kg) *Moisture

/../ other

Soike Source c-ol Aif7 

Blank Duclicates Smike Recovery Notes

Crm po und C1 C2 RPD SA SR SSR PR

Benzene 1)D 5.1 5 .co 9,3 A/. I)- 5, V/ _

Chlorobenzene S./ (. 2  '. ' i A 5,. 5A" __A_

1 ,2-Dichlorobenzene

I, 3-Dichlorobenzene

1 ,4-Dichlorobenzene

Ethylbenzene (A. V . /70 , 6' e 2-

Toluene 5i 5, 5 .9 1.0 IC.c NVO 5

f

I :f % moisture is reported, results are presented on a d-ry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 C1 a Concentration One

(Cl + C2)/2 C2 - Concentration Two

SSR - Spiked Sample Result

Percent Recovery (PR) - SSR - SR x 100 SR - Sample ResultI SA SA * Spike Added (Concentration)

I
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Engineering-Science QUALITY CONTROL RESULTS SUMMARY Page -'; f

Purgeable Aromatics Report_

EPA Method 602

Lab Sample Nos. QC Report No. 21 (S6
Duplicates M45, MS1) Date Analyzed "_ __/_/F

Spike Sjg-. 4. 0  A--13 Laboratory Supervisor Approval:

Sample matrix: 6Li~o~cor I
- 4 Water (ug/L) Diletion Factor

/ / Soil (ug/g) (ug/Kg) *Moisture AJ,

/./ Other

Spi.ke Source '5J I- urk' Ie% Ar+8B

Blank Duclicates Soike Recovery Notes

Compound C1 C2 RPD SA SR SSR PR

Benzene 10- -- Y 5 G~* .(,
Chlorobenzene - /00 A0 S, 5'

1,2-Dichlorobenzene

1 , 3-Dichlorobenzene

1,4-Dichlorobenzene %V

Ethylbenmene t 0 /0. A10 5. 9 5-

Toluene ___o 5. __._

If % moisture is reported, results are presented on a dry-weight basis.

Relative Percent Difference (RPD) - C1 - C2 Ci - ConcentratIon one
C1 + C2)/2 C2 - Concentration -.wo

SSR - Spiked Sample Result
Percent Recovery (PR) - SSR - SR x 100 SR - Sample Result

SA SA - Spike Added (Concentration)
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EiaGiHEEF I CE!C
Prxoritwi Pollutant Ana±' .s i=

Baze Neutrals - E-;FP 6'25
Mat rix : Uiat er

Date Received: N'4 F:N
Date Reported: Auqust 15, 1537 Job io. PT001

z* OR : 3:qtlanta
qddres5: 57 Ex<ecutiv,,e Park S-5outh, N.E. ' Suite 590

Atlanta, Georgia 30329
7TTN: M,5. :Sharon Schultz

Lab Number: Purifijed
Sample No. Wdater
La'e Sampled: ('/A
.,ime Sampl1e d: N/Al
'at e Ex tr--ac t e. ---
Date flnal'9:ed. 363

w:mnound Detect ion flNAlLYTI'2fL EES'JLTS
Li rm a t5
ugj L u qL

-Dichlorobenzene ID'
I4- Dlic hor onenzene 2 D

3s2clrehj)ether 6- NE,
-E 2 EtolorobenseereN

1i-NtrDsod2amet1h1,laMire 25 N
'.2-chl;2rcoasoprcpyl )ether 6 N D

I* J-:tros'ndi-n-propgl arn-ne -2 ND'
He>achlorobutadiene 1ND

i 2 4-Trichlonrober::eneNE
it+ r -D b e r z er NDe
s o p ho ronen e

Biz-'2-chloroetho..':)methane 5N
- h loronaphthalene 27)

loetdee 25 HE,
H:cenaphthuilene H NE'
-cenapht hene ND

':nthlphthalate N D
t,-DEin--trotoluene 1NDC

Pl-uorene " Es
2 4- Din 2.t rot oclue re i
:'iethpl1,3 pht halate Z,

J-rit r oszo d iph en,,lIamin ne 2 N
H-ex ac -1or obe n ene '7DT
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Prior iti £01ilTnant Anl)5

Base N-eu-trals - EP - 6295
Hiat ri xc Wate=-r

(continued:'

~aeReoceived. N4-'I P . o
Date Reported: Aiugust 15) 96 Job. !,o. : 7CI-

FOR: ES;PAtlanta
Addre55s 57 Executive Park South, W.E.) Suite 59')

Atlanta, Georgia 30323
ATTN: Ms. Sharon Schultz

Lab Number: Pur if r-ed
Sample No.; Water
Late Sampled:N/A
Time Sampled: N/P
Date Extracted: 3 -. 4-S
Date Analuzed:

Conmzound Detection HNIALYiTICfiL RESULTS-
L im it
u / LL Tq<

Phenanthrene 5 N
Hrntracene N
Dibut'al c'hthaiate 3 4JD
1uc r an r thne

-4-Chlorophenvl phervl1 e-ther 4 !ID
P '-rene t17D

But,,l Benzul phthalate 3 !
Eis;.2-ethvlIhexvl.1 phthalate 3MD
-bruse ne 3 D

-4-Br ornophen~il phenul ether 2ND
Eerzo (a)arth.racene ND
Di-n-octvlphthalate 71 N
Benzo b)fluorant hene H D
Benzokk.fluoranthene 31 ND
zenz-,dine 610 ND

, 3 '-Dichlorobhenz idine 40C t:D
~ernz o (ap ur ene 0 ND
n d erno(1 -3- c d: pir e ne 14 ND

Jlb he rizo a h arnt hr a cen e 3 ND
Eenzo tghi per,,liene 4I
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'Feest i,:i d es anrd FCI !: - SP- 62
Mat r 2x 'Wla~t er

E!te Re c ev-ed* NP .CI io
L ate Reported: Alu qu a.t 15 193'7' Jar, ta : ~o

FR: E S:tl1a n t
A dirre s s 597 Ex ec ut ive Park South, N . Suite 590Z

Ptiarta, Georgia 332
4 :T M5. Sharon Schultz-

Lab Number: Puni £ ed
Sample No.: W at e r
D at e Sampled:NP
TIM e Sampled: N Ai
Late Extracted: :8-4-27
La te AinalIuzed: 0

0 Tr:p u n d Detect ion PNAL/TbCqL RESUTLTS

I~ 1-- R - ND

-ra-EC H DAE

-er-ac'n 1cor N L
a -ERGH 3 rID

~ ~ r' nN D

-roosulfar, I -*ND

'lie 1drin 3 NDE
Jt.4'DD7E ID

En--r in - ND
En d 05 Ulfan H D

.4'-E1DT 5 ND
Endosulfan 'Sulfate 6N
tncr--n aldehode N

a*-, rcane 40 rD
o x arJhe ne 40 ND1:

i3 1: -40 ND
~ 12140 ND,

12240 '1D
- 12424' ND

3 2340 tNiD
-E - 125 - 140 N D

FOB-126040 HD

- Detect ion Li-lits ba,.'e niot .)et been, det errraned 9-or the-ie cornrpoundZ
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Pr iar i.t Fol lut *nt 4na 1,; 515

Acid Extractable5 -- EPP6* -5
Hatr',x ! Water

Srae

L ate Received: N," F.'. Co
Date Reported. qucgust 15, 19 Job f r FZl

,7 C7.ES t lanta
Addresz: 57 Executi,.,e Park South, t.E. Suite 590

Atlanta, Georgia 3 0329
.TTW M5. S ,aron Schultz

Lab Number: Fur if ied
Sample No . : W]ater

Date Sampled: N..'
iime Sampled:
Date Extracted:
Date Analj-ed: -6-8T

,-'rnpolnd Detection PNIALYTI'CAL RES,.-TS

Limt it 
u,;_."L uq ."'L

-hioropheno 1 r ,
2--litropheno! l N D

m, o t~ ' phenoND
'4 - D min t h 1 p h e 3 HD

"4 ,Dichloropherol 2ND

6-TrichloropheroI ND
=hlor o-3-rmeth',,lpheno 1 3 ND,

- Dzr itr opher o40 NID
'-Methy,l--4, 6-Dinitrc phenol '20 LD

erachl'oropherol 14 !JD

-4- t rDhe no I

IJTE pS rmles are disarded 0 da' j af ter resuIts are :epc:t ei ure ohe -

arrangerrents are made. Hazardou 5amples t.i e ur - 7
or dispo e of at client experse
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ENGINEERING-SCIENCE. INC.

Engineering-Science ANALYTICAL RESULTS SUMMARY

Purgeable Aromatics
EPA Method 602

ES Job No.: AT001 Lab Sample No.: --

Client: ES Atlanta Field Sample No.: ASTM Water lots 806, 813, 820
Attention: Sharon Schultz Date Collected: N/A
Address: 57 Executive Park South, Time Collected: N/A

N.E., Suite 590 Date Received: N/A
Atlanta, Georgia 30329 Date Analyzed: 8/06, 8/13, 8/21/87

Project: MacDill AFB Date Reported: 8/31/87
QC Report No.: P111

Laboratory Supervisor Approval:

2 ,

Sample Matrix:

/X/ Water (ug/L) Dilution Factor: N/A
/ / Soil (ug/Kg) *Moisture: N/A
/ / Other

Detection Analytical Retention
Compound Limit Results Time

Column 1 Column 2

Benzene 0.2 ND**
Chlorobenzene 0.2 ND
1,2-Dichlorobenzene 0.4 ND

1,3-Dichlorobenzene 0.4 ND
1,4-Dichlorobenzene 0.3 ND

Ethylbenzene 0.2 ND
Toluene 0.2 ND

Surrogate Recovery 100%

* If % moisture is reported, results are presented on a dry-weight basis.
** ND - Not detectable at instrumental detection limits. Aqueous standards

were used to determine detection limits.

155.6.1
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ENGINEERING-SCIENCE. INC.

Engineering-Science ANALYTICAL RESULTS SUMMARY Page 1 of 1
Aromatic Volatile Organics

EPA Method 8020

ES Job No.: AT001

Client: ES Atlanta Lab Sample No.: --

Attention: Sharon Schultz Field Sample No.: ASTM Water lots 806, 813, 8:

Address: 57 Executive Park South, Date Collected: N/A
N.E., Suite 590 Time Collected: N/A

Atlanta, Georgia 30329 Date Received: N/A
Project: MacDill AFB Date Analyzed: 8/06, 8/13, 8/21/87

Date Reported: 8/31/87

Laboratory Supervisor ApprovaJ: QC Report No.: Pill

Sample Matrix:

(X) Water (ug/L) Dilution Factor: N/A

Soil (ug/Kg) * Moisture (%): N/A

Other

Compound Detection Analytical Retention Time
Limit Results Column I Column 2

Benzene 0.2 ND**
Chlorobenzene 0.2 ND
1,2-Dichlorobenzene 0.4 ND
1,3-Dichlorobenzene 0.4 ND
1,4-Dichlorobenzene 0.3 ND
Ethylbenzene 0.2 ND
Toluene 0.2 ND
Xylenes (Dimethyl benzene) 0.4 ND

Surrogate Recovery 100%

* If % moisture is reported, results are presented on a dry-weight basis.
** ND - Not detectable at instrumental detection limits. Aqueous standards

were used to determine detection limits.

155.7.1
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ENGINEER ING-SCIENCE, INC.

Engineering-Science ANALYTICAL RESULTS SUMMARY

Purgeable Halocarbans

EPA Method 601

ES Job No.: ATODI Lab Sample No.: -

Client: ES Atlanta Field Sample No.: ASTM Water lots 806, 813, 820

Attention: Sharon Schultz Date Collected: N/A
Address: 57 Executive Park South, Time Collected: N/A

N.E., Suite 590 Date Received: N/A
Atlanta, Georgia 30329 Date Analyzed: 8/06, 8/13, 8/21/87

Project: MacDill AFB Date Reported: 8/31/87
PC Report No.: Pill

Laboratory Supervisor Approval:

Sample Matrix:

/X/ Water (ug/L) Dilution Factor: N/A
//Soil (ug/.7g) *Moisture: N/A
/ /other __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Detection Analytical Retention
Compound Limit Results Time

Column 1 Column 2

Bromodichloromethane 0.1 I*
Bromoform. 0.2 ND
Bromomethane 1.2 ND

Carbon tetrachloride 0.12 ND
Chlorobenzene 0.25 ND
Chloroethane 0.52 ND
2-Chloroethyl vinyl ether 0. 13 ND
Chloroform 0.05 ND
Chloromethane 0.08 ND
Dibromochloromethane 0.09 ND
1,2-Dichlorobenzene 0.15 ND
1,3-Dichlorobenzene 0.32 ND
1,4-Dichlorobenzene 0.24 ND
Dichlorodifluoromethane 1.8 ND
1,1-Dichloroethane 0.13 ND

1,2-Dichloroetharte 0.03 ND
1,1-Dichloroethene 0.13 ND
trans-1,2-Dichloroethene 0.1 ND

1,2-Dichloropropane 0.04 Nfl
cis-1,3-Dichloropropene 0.? ND
trans-1,3-Dichloropropene 0.34 ND
Methylene chloride 0.25 ND
1,1,2,2-Tetrachloroethane 0.03 ND

Tetrchlooetene .03ND
1,1,1-Trichloroethane 0.03 ND)I1,1,2-Trichloroethane 0.02 ND
Trichloroethene 0.12 ND
Trichlorofluoromethane 0.2 ND
Vinyl chloride 0.18 ND

Surrogate Recovery 100%

*If % moisture is reported, results are presented on a dry-weight basis.

SND - Not detectable at instrumental detection limits. Aqrueous standards
were used to determine detection limits.

I-110


